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PREFACE 

This book is designed primarily to meet a growing demand for 
definite, practical and complete information concerning soils and 
profitable crop production. This, therefore, is a book of fundamen- 
tals, and hence applicable to a wide range of country. The basic 
facts concerning soils, and the fundamental principles of success- 
ful soil management are essentially the same everywhere, but the 
method of application must necessarily vary because of different 
climatic conditions. 

This text represents an extensive experience on the part of the 
author — from practical farming before and after college gradua- 
tion to university teaching and Extension Service. It is hoped 
that the facts and principles herein presented will lead the prac- 
tical farmer and the student into a broad field of interesting and 
profitable knowledge. 

To one who is familiar with the crumbling of the soil as it moves 
over the moldboard, these chapters will not be entirely new and 
strange, but will present things both new and old. It is the hope 
that the new and the old are presented in such a way as to elim- 
inate the difficulty too often experienced by searchers after the 
fundamentals — namely, the faUure to place the facts and prin- 
ciples in their true relation to successful farm practices— a dif- 
ficulty which has been the result of a lack of proper organization 
and correlation of the subject matter. 

In his teachir^ of many hundreds of farm boys as well as prac- 
tical farmers, the author has had the opportunity to test outvaii- 
ous methods of instruction and arrangement and correlation of the 
subject matter. Actual results have been the only guide in deter- 
mining the best plan. Even after this course of study was fully 
completed it was thoroughly tried out on several classes before it 
was put into publication. The plan of the book may readily be 
seen by studying the Contents. 

Special effort has been made to present the subject in as simple 
a form as possible while makii^ it complete and authorita- 
tively correct. 

It is impossible to mention the many ori^nal papers, research 
data and other ^ricultural literature consulted. 
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viii PREFACE 

This course of study in the complete edition is designed to 
^ve it wide adaptation, to wit: 

(o) It may serve as a farmers' ready reference, or as a prac- 
tical guide in successful soil management. 

(h) In college short courses, and normals, the whole course as 
it is plaimed may be given. The object of each student should 
be to master the fundamentals. 

(c) In college long courses, this text in the hand of the first- or 
second-year student may supply him with the fundamentals, leav- 
ing the lecture hour free to the instructor for elaboration, for 
application of facts and principles to local conditions, and for the 
presentation and discussion of experimental and research data. 

The subject of Soil Majiagement and Crop Production is truly 
large enough and of sufficient importance to be given a {dace In 
every agricultural curriculum. This subject should precede or may 
be given at the same time as the allied subject, Farm Crope. The 
latter subject could then be made a study, not so much of soils in 
relation to growing the crops, but rather of crop characteristics, 
crop importance, types, varieties, judging of grains, seed pro- 
duction, special cultural methods, harvesting, and care of crops 
and grains. 

At the close of each chapter suggestions are offered for demon-i 
strations, laboratOTy exennses, and for home experiments and 
projects. Many questions and practical problems are also givrai. 

The author wishes to express his appreciation to Prof. E, Truog 
of the Department of Soils, and to Prof. J. A. James of the Depart- 
ment of Agricultural Education, University of Wisconsin, for care- 
ful readily and approval of the manuscript; to Prof. E. R. Jones, 
University of Wisconsin, for verif j^ng the chapters on water rela- 
tions £U»d drainage ; to Prof. C F. Marbut, in charge of soil survey. 
Bureau of Soils, United States Department of Agriculture, for 
valuable su^jiestions concerning soil types and for approval of 
that part of Chapter II relating to that subject. 

W. W. Weir. 
Madison, Wis. 
January, 1S20 
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PRODUCTIVE SOILS 

INTRODUCTION 

The chief concern of the human race is its physical needs. Its 
greatest needs — ^food and clothing, depend entirely upon the aoil 
which is intimately associated with life. Myriads of plants and 
animals have lived upon the earth for ages and ages because 
soil exists. 

Every nation is deeply interested in the soil and its crops. 
Shall we grow more wheat to meet the demands of our iacreaaing 
population, or shall we import it? Shall we meet the demand for 
more cotton, or shall it be grown elsewhere? Are our workii^ 
people to have meat on their tables in the years to come, or will 
the price of meat be beyond their means? These questions can be 
answered only by the soil. 

Relative Decrease in Wheat and Com. — Durir^ the 30-year 
period between 1879 and 1909, the increase in com production was 
45.5 per cent, and in wheat production 48.7 per cent; while the 
increase in population for the same period was 83.4 per cent. The 
production of com and wheat did not keep pace with the increase 
in population. Ehmng this period the exportation of wheat declined. 

Actual Decrease in Com and Wheat. — The Thirteenth United 
States Census (1910) showed an absolute decrease in com and 
meat production since the Twelfth Census (1900), while the popu- 
lation increased over 20,000,000 — and this in a, comparatively new 
country! The extra effort put forth by the farmers and agricultural 
organizations to increase production during the World War resulted 
in marked increases in the production of com, grain, meat and dairy 
products (Report of the Secretary of Agriculture, 1918). 

The United States produces 71.5 per cent of the world's com 
crop and consumes 70 per cent; it produces 18 per cent of theworld's 
wheat crop and consumes 15 per cent; it produces 27 per cent of 
the world's oat crop and consumes 26 per cent; and it produces 
6.5 per cent of the world's potato crop and consumes 7 per cent. 
Thus there is the possibility of only a small exportation of these 
food crops. If the productive power of this country is not 
increased, exportation of any food crop must necessarily cease, 
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and ttte Jinsb^ ci f6^4i4g'''>lif .people will become the more serious. 
Shall it be importation of food or shall it be home production? It 
is to be noted that there is already a small importation of potatoes. 
Relatively Low Yields.— The United States is far from being 
the leading nation in yields per acre, as is shown by the following 
10-year averages: 

Avera^ Yield Per Acre (BiisheU) 



Crop* 


EogUnd 


GnDuny 


United Butes 




32.6 
44.7 
26.7 
230.0 


28.4 
49.3 
24.6 
224.0 






29.8 

15.8 


R3% 









These facts place a responsibility upon every American farmer. 
The crop production problem is a national one. The farming of 
virgin soils is now practically a thing of the past, and soil depletion 
cannot long continue. 

What is the reason for the higher crop yields in European farm- 
ing? Theirs is an agriculture older than ours. Let us consider the 
answers of the ^ricultural leaders of some of the Old Countries in 
reply to the question as to why their average yields per acre of 
wheat and other cereal crops have almost doubled in the last 
80 or 100 years. 

From England: "The factors at work in the increase have been . . . 
better cultivation and tillage. . . . The erest factor has been the introduction 
of fertilizers and purchased feeding Btufie. ' 

IVom Germany: "In genera) I a^ume that of the 100 per cent increase 
in the yield can be attribut«l: To artificial fertilizers, 50 per cent; . . . better 
tillage of the soil, 25 per cent; to the use of better seed, 15 percent; to the better 
crop rotation, 10 per cent." 

From France: "... we aubmit in the following figures . . . the rela- 
tive importance of the difl'erent factors (increase in production taken as 100) ; 
(ExtenBive Agriculture). Effect of fertihzerH, 70 per cent ;eScct of preparation 
of the land, 15 to 20 per cent; effect of selection of seed and improved vajieties, 
5 to 10 per cent,"' 

It is to be observed that 85 to 90 per cent of the 100 per cent 
increase in their crop yields has been the result of better soil man- 
agement. Here is a lesson from Europe for us. 

Our National Problem. — Shall we wait yet awhile before con- 
sidering seriously the better management of our soils? Have we 
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not already enough acres of abandoned agricultural lands in this 
country? The United States does not stand first in yields per acre, 
but it does excel all other nations in rapidity of soil exhaustion. 

Nationally and individually, the time to adopt methods to 
maintain productiveness and to improve our soils is while we are 
prosperous. This task challenges every tiller of the soil, every 
farm boy and ^rl, the dwellers in cities, every ^ncultural oi^an- 
izatioD, and all other forces which strive for betterment through 
hiuuan endeavor. No greater force can man set into action than 
the power of the intellect — and this is accomplished through edu- 
cation. Then let it be education. 

The general sentiment among thinking farmers is — "How 
littleweknowabout soils and how much there is to know!" These 
farmers have not had the opportunities for agricultural trainii^ 
existing today. They cannot now go to school, hence instruction 
should be carried to them. This information, as well as that given 
to students in all practical or first courses, should not be technical 
and lop-sided, but simple, practical and well-balanced so as to 
enable our present-day farmers and those of the future to gain a 
happy living, and at the same time to conserve the great funda- 
mental asset of our Country — the soil. 

TO THE TEACHEB 

It may not be necessary, or time may not permit, to perform 
all the exercises indicated. Only those should be selected which 
will best supplement the class work. Frequently it becomes 
necessary to combine class work, demonstrations and laboratory 
exercises, or to make the laboratory exercises demonstrational. 
Local conditions should determine in a lai^e degree the exercises 
to be selected. Those listed here may suggest others more suitable 
to local conditions. 

Field trips should be carefidly planned to include as many 
observations as possible. The leader, or teacher, should first go 
over the groimd alone in order to map out the trip and determine 
what observations are to be made. 

The materials needed for demonstrations and laboratory work 
are based on one demonstration or exercise. 

The demonstrations which require time before the results may 
be shown should be stated in time to be ready when needed. 
(Note demonstrations for Chapters V, VI, VII, VIII, IX, XI, XII.) 
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Students should keep laboratory note books when laboratory 
work is given. A definite order should be followed in writing up 
each exerdse as follows; 



- (Number exercises in order performed.) 



Besulte (make u 
Conclusious (facte brought o 
Questions (write out queetio 
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CHAPTER I 

THE SOIL AND ITS ORIGIN 

What Soil Is. — In its broad meanitig, soil is that friable, upper 
stratum of the earth composed for the most pait of mineral matter 
resulting from the breakit^ up and decay of rocks. It extends to 
solid rock — varying in depth from an inch or so to many hundreds 



of leet. Mixed with this mineral matter,' especially at the surface, 
is more or less organic matter incorporated through the subsequent 

growth of vegetation. 

Soil Is Forming All the Time. — The fact that soil is derived 

from rocks implies that it is one of the later products of creation. 

All soil, however, was not formed in some paiticular period in the 

early history of the earth — some of it was formed millions of years 

^o and some is being formed today. 
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Rock Weattieiing the SoU-forming Process. — The formatioo 
of soil is the result of the slow process of rock weathering, meaniDg 
the breaking up and decay of rocks brought about by the destruc- 
tive action of the forces of nature. These forces include: 

(a) Heat and cold — causing cracking and splitting of rocks 
through sudden temperature changes. 

(b) Frost — causing Rphtting and cracking by freezing water. 



(c) Wind — causing abrasion through the action of dust and sand 
particles carried by it. 

(d) Ice — causing grindii^ as in glacial action, 

(e) Water — a wearing and ■ dissolving agent, also producing 
chemical changes' (Figs. 2 and 3.) 

fOxygen,' producing chemical changes. 
(/) Gases — i Carbon dioxide, or carbonic acid gas, producing 
i chemical c' 



■ Chemical changes &. 

'Oxygen is a. gas con , . . ^ _. . , 

heavy gas consisting of the elements carbon and oxygen (COi). 
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SOIL FORMATION NOT A SIMPLE PROCESS 7 

Other Forces of Nature. — ^These weathering agencies are as- 
^ted in rocli destruction by other forces of nature, such as volcanic 
eruptions, earthquakes, the force of gravity, etc., and to a greatec 
or less degree by plants and animals. Plants in their growth fre- 
quently crack and split rocks because of root expansion, and hasten 
rock decay through chemical action caused by certain substances 
excreted from their roots. Man *as a destructive creature has cut 
down forests and destroyed the natural soil covering of grass and 
shrubs. The washing away of the soil which follows very often ex- 



Fio. 3.— The ■' DuUh Wedding." Monumei 
uulptured by the eioeive acUan of water (in pa 
Cyclopedia. 

poses new rock surfaces to the weathering ^encles (Fig. 4). Bur- 
rowii^ animals also expose fresh rock surfaces, or openings made by 
them facilitate the entrance of weatherii^ agents to lower levels. 
Fungi, and even the tiny bacteria lend their aid. Even after plants 
and animals are dead tJiey contribute further to rock decay, since 
in their decay acids are formed which hasten the changing of rock 
and rock particles into soil. 

Soil Formation not a Simple Process. — It is evident that soil 
formation is not a simple process, but rather complex and slow. It 
began no doubt as soon as the once gaseous and molten earth passed 
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SOIL OF MANY KINDS 9 

into a firm, stony sphere, and made more complicated becauBe of 
the eternal forces which wrought such tremendous changes since 
the earth began — ^which forces brought into existence continents 
and oceans, lakes and rivers, mountains, hills and valleys, deserts 
and prairies. 

Weathering ContinueB Indefinitely. — Weatheringdoes not cease 
when it has reduced rocks to soil, but continues to act indefinitely 
upon the soil itself. If it were not so the best prairie soils would be 
inca[>able of supporting a single blade of grass. In this sense crops, 
vegetation and life are possible upon this earth largely because 
of decay. 

Soil m)m Rock May be Observed. — Soil wherever found is 
underlaid by some kind of rock — ^it may be the rock from which the 
soil was formed or some foreign rock. Where soil is found Under- 
laid by its parent rock there is no definite dividing line between the 
solid rock and the soil above it — the one grades into the other. The 
lower stratimn of the soil has a composition approaching that of 
crumbled and decayed rock. Lower down the rock characteristics 
appear more plainly, and still farther down occurs the solid 
rock itself. 

Soils are Carried Away after They Fonn. — ^All the soil we see 
was not formed from the rock that may be found under it. This is 
due to the fact that many soils are carried away after they are 
formed and deposited on other rocks. Water, ice and wind are and 
have always been the main soil transportii^ af;ents. 

Soil of Many EindB.~Because of the soim% of soil building 
materials, the nature of soil formation, the forces to which the earth 
has been and is being subjected, and because of the transporting 
and mixing action of water, wind and ice, all soil can not be the 
same, but must necessarily varyin composition, both physically stnd 
chemically. These variations give rise to. many kinds and types 
of soil, and necessitate convenient classification. A knowledge of 
these soil variations, classes and types becomes of primary 
importance. 

DIuBtntion Material for LeBBODB. — Students should bring to class: 

1. Specimens of rocks undergoins weathering. 

2. Samples showing gradations oT rock into soil. 

Field Studiea,— 1. Observe if possible the weathering of native rock into 
soil, and note the action of the vanous weathering agents. 

2. Observe the transportation and movement of soil. 

3. Observe various kinds of soil — note location, etc. 
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QUESTIONS 

1. What ia soil and when was it formed? 

2. Name two classes of materials composii^ soil. 

3. Distii^tiiish between tliem. 

4. What IS meant by rock weathering? 

5. Name some of the forces whicli break up and cause rocke to decay. 

6. In what ways do plants and animals aid in the weathering of rocks? 

7. Is soil formation a simple process? Explain. 

8. When does weathering cease? 

9. What is the importance of "soil weathering"? 

10. Is it possible to observe the stages in the changing of rock into soil? 

11. What are the tacts to be observed? 

12. In every case is soil fonned from the rock found underlying it? Explai 

13. Why sbovdd there be many different kinds and types of soil? 

14. What kinds have you seen? 

is. For an outline summary of this chapter see table of contents. ' 
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CHAPTER II 
son. COMPOSITION, CLASSES AlfD TYPES 

Common Meanings of the Term " Soil." — In the previous 
chapter the term "soil" included the total residue resulting from 
rock weathering — being hundreds of feet deep in some places. In 
conunon usage the term soil has restricted meanings; viz., it may 
mean that portion of the ground which is tilled, or that portion 
which is black or dark in color. 

Subsoil Defined.— That portion of the ground below the tilled 
or dark colored portion is called "subsoil," (Prefix "sub" means 
"under,") By some it is considered as that portion below 0i 
inches deep and 20 inches deep. 

Soil to Mean Tilled Poiticm.— -Soil as it is used in the following 
chapters is taken to mean that portion of the ground which is tilled. 
This is the more common meaning since it is that portion which is 
most important in supplying the needs of crops, and which is most 
affected by farming operations. 

Subsoil May Differ Widely from Soil.— With this definition of 
soil in mind, it is easy to see that subsoil may have extreme varia- 
tions — it may have the same color and composition as the soil or it 
may show very little or no similarity either in color or composition. 

THE COMPOSITION OF SOIL 

The physical or mechanical make-up of dry soil may be briefly 
expressed in outline form as follows: 

!1. Mineral particles of various sizes (derived f (a) Sand 
"°°~'"' tea, 
2. Organic matter — mostly plant remains. 

Sand particles are the coarser and heavier soil grains which do 
not cohere when wet (Fig. 5). Between the fingers they feel rough 
and gritty. They are the first to settle out of running water carry- 
ing sediment — material washed from the upland. 

Clay particles are the finest of individual soil grains. When 
moistened they become sticky. They settle out of quiet water very 
slowly— the finest clay particles are ao small that they are known 
to remain in suspension for months, or to be scarcely discernible 
under a powerful microscope. 

11 
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SOIL COMPOSITION, CLASSES AND TYPES 



Silt particles are soil grains medium in size between sand and clay. 
When moistened, silt has a velvety "feel, " but not sticky like clay. 

Sand, silt and clay aa used here refer simply to size of individual 
soil grains and nothing more. 

Organic matter in most soils occurs largely as a well-decomposed 
residue, black or dark in color and coating the soil grains. Fre- 
quently plant fiber of recent growth can be distinguished. 

Humusmay be defined asa black, waxy, complex substance 




Fio. S. — DiB«run iiluatrsi 






of coatii^ the soil grcdns, and which is derived from partial decay 
oi^anic matter. All humus is organic matter, but all organic 
matter is not humus. 

The term humus is sometimes used as a general term meaning 
organic matter. In these chapters we shall use the term "oi^anic 
matter" since that is more readily understood. 

Soil is a Coiiy)lex Medium.— What we call soil is something 
more than a mere mixture of sand, silt, clay and organic matter. 
It is a composite, the framework of which is mineral matter. 
Aside from organic matter it contains: 

(a) Water (moisture) which in reality is a dilute solution con- 
taining weak acids and small amounts of any soluble substance 
found in the soil. ' 

(ft) SoU organisms — bacteria, fui^ and worms. These have 
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come to live in the soil by the millions because of the presence of 
organic matter which, because of the energy or food stored up in it, 
is the source of most of their sustenance and their energy. Some of 
these organisms are a detriment to soils, while others, because of 
fundamental changes they bring about, are of the greatest im- 
portance in crop production. 

(c) Air — Soil as a medium for plant growth must contain air. 

(d) SaUs in greater or less amounts — in dry climates much, 

SOIL CLASSIFICATION 

Since the biiildii^ materials of soils are largely mineral 
particles which remain more or less the same in size and amounts 
in any particular soil, we are afforded a basis whereby soils may 
be clasidfied. 



A . B C 

Crurtimy structure Compact structure Sandy structure 

Fia, 6, — Disinma illustrating Mil structutea. 

Soil Texture a Basis for Classification. — The most convenient 
and general scheme for soil classification is based on the amounts 
of sand, silt and clay soils contain — or in other words, on the basis 
of "texture." 

What Soil Texture Means. — Soil texture may be defined as a 
quality denoting comparative coarseness or fineness of soils as is 
determined by the relative abundance of sand, silt and clay con- 
t^ed in them. For example, a soil having course sand predomi- 
nating is a course textured soil, whereas one having much clay is re- 
garded as fine textured. 

Meanings of Texture and Stiucture Comparsd. — Texture 
should not be confused with soil "structure" which means the 
arrangement of the soil grains (Fig. 6), or which describes the rela- 
tion of the soil particles to each other. It is important to remember 
that the soil components do not form a mere casual mixture in 
which every particle remains separate from every other particle. 
With the exception of sands, the soil components, because of the 
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cemeDting nature of much of the organic matter, group themselves 
into compound particles and granules, thus developii^ a 
"crummy" or "granular" structure. When a "heavy" soil does 
not crumble, but is a bard, compact mass instead, it may be s^d to 
have a "compact" structure. A sand may be described as havii^ a 
"loose" or "sandy" structure. 

Soils Classified According to Texture. — Eight principal soil 
classes based on texture are recognized. They are here given in an 
order ranging from the coarsest to the finest textm^ soils. 
Soil clmaes Haw disHnguiahed 

1. Medium sand Composed of 80 to 100 per cent sand (much medium 

and coarse Band). 

2. Fine Band Compoeed mostly of fine sand. 

3. Medium sandy loam. Having 50 to 80 per cent sand. 

4. Fine sandy loam Having 50 to 80 per cent fine sand. 

5. Loam Composed of 30 to 50 per cent sand and 50 to 70 per 

cent silt and clay. 

6. Silt loam Containing 50 per cent or more of silt. 

7. Clay lo&m Containing 20 to 50 per cent sand, 20 to 50 per cent 

silt, and 20 to 30 per cent clay. 

8. Clay Havii^ 30 per cent or more clay. 

A soil class is understood to mean all soil of the same texture. 
For example, soils consisting of about 50 per cent sand and about 
50 per cent silt and clay belong to one and the same class regardless 
of where they may be found. By virtue of its texture this class of 
soil is named "loam." 

A loam is to be defined as a class of soil composed of about half 
sand and the remaning half silt and clay (more silt than clay). 

Again, a silt loam is to be defined as a class of soil, or a soil class, 
containing 50 per cent or more of silt. 

Of these classes of soils, silt loams are most widely distributed, 
loams take second place, and fine sandy loams third. 

In this classification no consideration is given organic matter. 
Soils containing much stone or gravel may be described as stony silt 
loam or gravelly loam, as the case may be. Gradations may also 
occur; such as, silty clay loam, loamy fine sand, etc. 

"Marsh" and "swamp" soils are to be regarded as class names 
though they are not included in the classification based on textiu^. 

Marsh is conmionly interpreted to mean a wet level area 
covered with grasses. There are salt and fresh-water matshes. 

Swamp is usually understood to mean low, wet areas of fresh 
water formation covered with tree growth. Tamarack swamp, 
cedar swamp, and cypress swamp are familiar expr^sious. 
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Mechanical Analysis and Mechanical Composition. — In order 
to be sure to which cla^ a soil belongs, the amounts of sand, silt 
and clay it contains must be determined by laboratory methods 
designated aa "mechanical analyses." Such analyses ^ve the 
"mechanical composition" of a soil; as, for example: 



Dry»a 


Per cent of 


SoilcUK 


Rawon 




Ssnd 


Silt 


CUy- 




A — found to contain 
B — found to contain 


15.7 
16.9 

63.0 


68.1 
37.9 

2J.0 


15.8 
44.4 
12.0 


Silt loam 
Clay 
Sandy loam 


Contains more than 
50 per cent silt. 

Contains more than 
30 per cent clay 

ConUins more than 
50 per cent sand. 



'Percenta total 90.6 — reniaiiuiia 0.4 per ceDt iHinBist«d of stoue SDd Eravel. 

" Ijght " and " Heavy " Soils. — A sandy soil, because of its 
high sand content, is comparatively easy to work- — for this reason 
it is usually regarded as a "light" soil. A soil like clay, on the other 
hand, is termed "heavy" because it is much more difficult to till. 
By weight sand is the heaviest soil — clay is much lighter. 

Soil Classification Based on Mode of Formation.— It is con- 
venient to study soils in relation to the manner in which they were 
formed or built up. This gives rise to quite a different classifica- 
tion, as follows: 

1. Residual soils — remaining on rocks where formed. 

2. Cumidose eoife— deposits of partially decayed vegetation. 

3. AUvvial soUs — built up by alluvium deposited by flow- 
ing water. 

4. Glacial soils — formed through glacial action, 

5. Marine scils — formed by sediment carried into the sea. 

6. Lacustrine soUs — ^formed by sediment carried into lakes. 

7. Loess (lo'es),- — ^formed through the accumulation of dust 
carried by wind. 

8. CoUuvial soils — moved down steep slopes by gravity. 

The first two groups are "sedentary" soils, since they have 
stayed where they were originally formed. The next five groups 
are "transported" soils — the material having been carried and 
Iwd down by water, glaciers and wind. The last named soils are so 
called because they moved down steep slopes, due to gravity. 
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Residual soils are underlaid by the rocks from which they were 
formed — such as granite, limestone, ssodstoue, shale and others. 
Wherever such soils are found the graduation of rock into soil may 
easily be observed. These soils are widely distributed in the 
United States — including the Great Western Plains and the larger 
portion of the Southern States, excluding the river valleys and the 
Atlantic and Gulf Coastal Plains. 

If all the soils could have remained where they were formed then 
all the soils in the world derived from rocks would be residual. But 
tliis has been impossible because of the forces which have been and 
are still at work effecting changes on the earth. 

Cumulose soils are deposits of vegetable matter accumulated 
most commonly in what used to be shallow bays, lakes and ponds, 
and preserved because they were covered or saturated with water. 
It is common to see water plants such as flags, mosses, reeds and 




Tm. 7. — DisKTam ahoninp p«t formatioa and a Hoatinc bo(; a, vegetable growth 
OD surface of pood: dd. ^artialty decayed Drganic niBtter accumulating on bottam; te, 
climbing bog. (Shaler.) 

sedges, growii^, for example, aJoi^ the shores of a pond. These 
plants die, sink to the bottom and are wholly or partially preserved 
by stagnant water which prevents or inhibits their decay. Some- 
times " floating bogs " are formed which become thicker and thicker, 
and as they thicken gradually sink to the bottom (Fig. 7). In either 
case there comes a time when the shallow body of water becomes 
filled with a soft, spongy mass — the final stage in the formation 
of " peat. " 

Peat when dry is the lightest of soils, and may be black, brown 
or reddish in color. It is commonly described aa "raw" when the 
plant remains can be easily recognized, and "well decomposed" 
when the plant remains have lost their identity. Peat is a material 
much used for fuel in countries of the Old World. 

Muck. — When considerable sediment is mixed with peat the 
resulting soil is called "muck." It is more decomposed, firmer and 
heavier in weight than peat. 

Occurreace and Value of Peat and Muck Soils. — ^Peat and 
muck soils occupy local areas ranging from a few to thousands of 
acres in extent, and they may vary in depth from a few inches to 
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several feet. Some are formed in fresh and others in salt water 
(Fig. 8), They are not confined entirely to lowlands, but may occur 
on hill tops and even on hill sides in depressions kept wet the year 
round. On many of them, in their natural state, wild grasses 
grow — on others trees and shrubs. When artificially well drained 
most of them can be converted into valuable agricultural lands. 

Alluvial soils are found along streams, and are built of the 
alluvium carried and deposited by them during flood flow. When 
muddy streams overflow their banks, the flow over the flooded land 
is retarded, consequently the sand settles out, then the silt, and 



Fia. 8.— A iMd of peat four feet d«p underlaid by & Moot bed a[ mail, which in turn ia 
underlaid by iaod and theD olay. 

finally the clay— if the flow is nearly or completely checked. 
Through this deposition, therefore, low level areas are gradually 
brought to higher levels. Many streams during the past ages have 
greatly subsided, leaving high and dry many level and productive 
expanses of these water-formed soils. 

The sources of the sedimrat carried by streams are mainly the 
uplands drained by them. Heavy rains and melting snows are 
responsible for the land erosion so commonly seen in hilly or "roll- 
ing" sections. The sand, silt and clay particles carried into streams 
may be gathered from many kinds of soils and which in turn form 
new kinds. Geologists have estimated that the United States 
is being planed down at an average rate of one inch in 760 years, 
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but denuded slopes may loee several feet in a year. Not all 
the alluvium carried by rivers is deposited on either side of 
their coursee before the sea is reached. 'Indeed, it has been 
estimated that the Mississippi river carries into the Gulf of 
Mesico each year an amount of sediment equivalent to a pile 
of sand and mud one mile square and 268 feet thick. What 
becomes of all this material? 

When in a well drained condition, alluvial soils are usually 
rich and productive. Many soils are kept productive because 
of rich sediments deposited on them. The soils in the Nile 
Valley in Egypt are splendid illustrations of this natural method 
oi fertilization. 

Glacial soils or "glacial drift" soils are so called because the 
material composing them was transported, mixed and built up 
through the action of glaciers or huge ice sheets many thousands of 
years ago. Though this seems a long time, nevertheless these are 
r^arded as young in comparison with residual soils. 

The Story of the Glaciers.— Among the many wonderful 
chapters in the history of the earth recorded in rocks, mountains, 
hills and valleys, that of the Great Ice Age is comparatively easy to 
interpret. Abundant evidence points to the fact that at some re- 
mote time the greater portion of the northern part of North Amer- 
ica was covered by great sheets of ice resulting from the accumu- 
lation of snows due to climatic changes. These great ice sheets 
moved southward and invaded the northern part of what is now 
the United States. In the central portion the ice extended as far 
south as the Missouri River and southern Illinois, Indiana and 
Ohio (Fig. 9). 

The Ice Age, especially so far as the north central portion of 
the United States is concerned, does not mean the invasion and 
melting of just one immense ice sheet or glacier, but it includes at 
least five great and separate ice periods. During some of these 
periods, notably the fcst ones, the ice sheets extended farther 
west and south than during other periods. The effect of the Kansan 
Drift, one of the first invading ice sheets, is best observed in Kansas, 
hence the name. This is supposed to have occurred not less than 
400,000 years ago. The last invasion, made during the Wisconsin 
Glacial Period, is estimated to have occurred 20 to 50 thousand 
years ago. There is strong evidence to indicate that between 
each of the five ice periods or stages the climate was tropical 
or semi-tropical. 
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^ect of the Glaciers. — These invading and melting ice sheets 
produced profound efEeots upon the coimtry over which they 
moved. In thickness they varied from a few feet at their mai^ins 




Fio, 9.— Map ahowina the eiteat of the ice aheet orer North America. F 

dfiftleia arm. ooverins a portion of what ia now WiaoonaiD. Iowa and llUoois. (Cbambet- 
laiD and Saliabury.) 

to several thousand feet at their centers. They were thick enough 
to slide over the high mountains of the New England States. 
In their movement rocks were ground to powder, the pre-exist- 
ing soil mantle was swept away, some old valleys were filled 
up and new ones were gouged out, rivers were turned from their 
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courses, and, when the ice melted a new soil called "glacial drift" 
was laid down. Most of Uiis "drift" material was not carried 



d and oval bilk furmod tbrouab (IscUl si 



any great distance by the glaciers, though the streams which ran 
from the melting ice carried much sediment miles beyond the 
area covered by the ice sheets, and deposited it, as alluvium, 
in their valleys. 
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Low ranges and hills consisting of "glacial till" or "bowlder 
clay" were brought into existence. At this time, too, numerous 
lakes were formed, many of which have long since tilled up or 
disappeared. "Rolling" topography and scattering bowlders of 
aU sizes and kinds are other characteristics of a glaciated country 
(Figs. 10 and 11). 

Quality of Glacial Soils. — In general, glacial soils have wide 
variations; many are comparatively "heavy," hence silt and clay 
loams are common. Some are very stony (Fig. 12), and many 
are in need of drainage. Great variations exist as to their 
agricultural value. 



. 12.— The inride ol 



Marine and lacustrine soils are soils derived from material 
accumulated on the sea bottom and in glacial lakes, respectively. 
The coarser and heavier particles settled to the bottom near shore, 
and the finer silt and clay were carried out into deep water. These 
deposits vary in thickness, and in case of marine deposits particu- 
larly, commonly consist of layers of coarse and fine material. 
Because of changes in the earth during the past ages— such as the 
disappearance of old lakes and rise in land elevations, much of this 
material deposited in the sea and lakes during ages past has 
become exposed and is now called marine or lacustrine soil as the 
case may be. Nearly all the soils of the Atlantic and Gulf Coastal 
Plains are of marine origin. They are especially adapted to the 
growing of cotton, com, peanuts, melons and fruit. 
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The fertile soils in the valley of the Red River of the North 
and of many lai^e areas bordering on the Great Lakes are of 
lake origin. 

Loess (lo'^) is soil formed through the accumulation of dust 
blown and dropped in favoring localities by wind during long 
periods of time. These deposits, no doubt, were centuries in forma- 
tion, beginning after the disappearance of the glaciers. During 
the Ice Age much fine material was carried many miles south of 
the ice sheets by r unnin g water coming from the melting glaciers. 
Inunense quantities were deposited in what is now the Missoiu'i 
Valley. After the glaciers melted away it is believed a long dry 
period followed during which time strong westerly winds picked 
up this fine material and dropped it over thousands of square miles 
in the central part of the Mississippi Valley. Loess is also found 
in Washington, Oregon and other parts of the United States. 
These deposits vary in thickness from a few inches to many feet. 
In China loess is found covering immense areas, in some places 
extending in depth to several thousand feet. 

Loess soils are free from stones, and are considered the richest 
soils in the world. The fact that the famous Com Belt of 
the Mississippi Valley includes much loess is indicative of 
its productiveness. 

Colluvial soils are found at the bottom of steep slopes — they 
accumxilate there because of the force of gravity. Sometimes 
avalanches bring about the quickest downward movement of soil 
and rocks from the steep slopes. From the nature of their forma- 
tion these soils must necessarily consist of more or less mixed mate- 
rial. Often they are made up largely of fragments of rocks brought 
down by gravity from the heights above. Generally they are 
coarse, loose soils and not well adapted for cultivation. 

Soils Easily Described. — Now that we have learned how soils 
may be grouped into classes according to their texture, and how 
they differ in the manner in which they were formed, we can 
easdly describe them, and in a general way, distinguish one kind 
from another; for example, we may have a residual silt loam on 
limestone, or a residual sandy soil on sandstone, or a glacial clay 
loam, an alluvial sandy loam, aglacialloam, or aloessial silt loam, etc. 

SOIL TYPES 

Soil Mapping. — The United States Bureau of Soil in cooper- 
ation with the several states and territories has surveyed and 
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DISTINGUISHING OF SOILS SIMPLIFIED 23 

mapped hundreds of thousands of acres of soil. Each soil 
map is accompanied by a report describing in det^l the nat- 
ure and agricultural value of the soils surveyed. These 
surveys are usually made by counties and are based on the 
theory that all soils are not equally suited to the production of 
the same crops. 

One Loam May Differ 'V^defy fiom Anotlier. — Though a class 
of soil consisting of about half sand and the remaining half silt 
and clay, for example, is a loam wherever found, yet a loam in 
Wisconsin may differ in ten distinct ways from a loam in Misds- 
sippi, and have dissimilar crop adaptation. In order, therefore, 
to distinguish clearly between these two particular loams, long 
descriptions must neceesarily be given each one, concerning man- 
ner of formation, kind of material from which formed, natural 
drainage, color, amount of organic matter, structure, subsoil and 
certain chemical properties. 

Distinguishing of Soils Siiiq>lified. — In soil mapping it would 
be very inconvenient, indeed, if it were not posable to designate the 
different soils without describing each in its fullest detail, especially 
mnce there are so many different kinds of soils in the United States 
to be correlated. 

Soil descriptions concerning ori^n, etc., may be expressed in 
single words; for example, "Dunkirk," "Greenville," etc. These 
names used in describing soils are derived from the name of some 
town, village, county or natural feature existing in the section or 
region where the soil is first identified or is best developed. 

Dunkirk, as it is used in describing soils, implies that such 
soils are derived from sandstone, shale and limestone material 
carried as sediment into pre-existii% glacial lakes; they have good 
natural drainage; are gray to brown in color, and have a yel- 
lowish or hght brown subsoil. These soils are desirable for 
general farming. 

GreenviXU is a descriptive name signifying that such soils are 
of marine origin — built up by material washed from the Piedmont- 
Appalachian region into the ocean which at one time encroached 
upon the continent; they Eire red in color; have a dark red subsoil; 
and are friable and well drained. They are well adapted to cotton, 
com, forage crops and oats. 

Wherever a loam is found to which will fit the description 
implied in "Dunkirk," that soil is specified as "Dunkirk loam." 
And wherever a loam is found to which the descriptive term 
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"Greenville" may be applied, that soil is specified as "Green- 
ville loam," 

Soils specified in this manner are called "types." Thus 
"Dunkirk loam" and "Greenville loam" are the names of two 
types of soil. 

Soil T3rpe Defined. — ^A soil type may be defined as soil that has 
amilar characteristics regarding textm^, mode of forma- 
tion, origin of material, color, natural drainage, organic matter, 
and subsoil. 

Types may be Grouped into Series. — Soil types may be classi- 
fied or arranged into groups called "series." This is possible 
because two or more soil types may have the same general charac- 
teristics r^arding mode of formation, range of color, etc. For 
example, we have the following types grouped into a series :' 

Oimkirk Band 1 

Dunkirk fine sand 

Dunkirk sandy loam 

SSS £."* '"" -A rf «rie,. (D^Mrk ™») 

Dunkirk eilt loam j 

Dimkirk clay loam 

Dunkirk clay J 

In a similar maimer are derived Greenville series, Miami 
series, Volusia series and many others. The soil types composii^ 
a series differ mainly in texture and productive power. 

Soil Series Defined,— A soil series may be defined as a 
group of soil types similar in all respects except in texture 
and productiveness. 

Soil Classification in Soil Survey. — In soil survey and mapping, 
type is the unit used in soil classification. Types having similar 
general characteristics aside from texture are classified in series. 

To facihtate the correlation of soil types and series the United 
States Bureau of Soils has divided the United States generally 
into thirteen soil provinces and regions (Fig, 13), The types of 
soil derived through glacial and wind actions are to be found largely 
within the Glacial and Loessial proviuce. Types of lake origin are 
included in the Glacial Lake and River Terrace province. Types 
of marine origin are to be found in the Atlantic and Gulf Coastal 
Plains province, etc, 

'The word "Beriea" may be used in both a singular and plural sense. 
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More About Soil Types.— It is to be observed that a type name 
is usually made up of the name of a soil class added to a name 
which indicates its general characteristics and which determines 
the eeriee to which it belongs as: 



Kdox ^It loam, Cecil loam, Dekalb silt loam, Hageistown 
loam, Genesee loam, Bozeman silt loam, Gila silt loam and Salt 
lake loam are eight types representing as many series. Though 
these types are widely scattered throi^out the United States, yet 
they may be grouped into two classes; viz., loam and silt loam. 

It is possible to have two types differing from each other in 
several distinct ways, or in just one respect. 

Peat and muck are two special types of soils. 

Peat may be defined as a soil type consisting of from 50 to 
95 per cent organic matter (p. 16). 

Muck may be defined aa a type of soil which consists of from 
15 to 50 per cent of well-decomposed organic matter and 50 to 
85 per cent mineral matter. The mineral matter in muck consists 
of sand, silt and clay particles deposited by water or wind during 
its formation. 

Meadow may also be considered a special, or miscellaneous, 
type of soil, meanii^^ first bottom land which is low, poorly drained, 
and subject to overflow. The texture is so variable that no sepa- 
ration into established types can be made. 

It is possible on some large farms to map a dozen or more 
types which may be grouped into three or more series. 

Within a single state more than a hundred types of soils have 
been mapped — in Wisconsin, for example, more than 125 types 
grouped into more than 30 series. 

In the United States there have been mapped thus far more 
than 2900 types classified in more than 740 series (Fig. 13). 

niustration H&terkl for LetnoDB. — 1. Two or three samples of soil — 

natural and with organic matter burned out. Note lose of weight, change of 
color and any other changes. 

2. Samples of various colored soils — include some subsoils. Why do soils 
vary in mIof? 

3. Olacial pebblee and any other material showing glacial action. 

4. A soil map to show how soils are mapped. 

6. Three or more types of soil belonging to the same series to illustrate 
mil cl«sai£cation according to type. 

6. A state map to illustrate luid description— township, range, section, etc 
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DcmonBtratioiu. — Maierioli Needed. — Four large, clear-glaBa bottles; a 
small amount of clean sand, gilt, some clay, and two or more tableepoonfuls 
of loam. 



each about three-quartera full of watw. Place ia one some Band, in another 
some silt, in the third some clay, and in the fourth a tablespoomul or more 
of loam. Cork. Shake each thoroughly, invert, and note the rate of eettliiig 
of the soil particles. 

Quegtiota. — (a) Why should the banks of a stream which overflows often 
be higher than the land farther back? 

(o) A river flowB southward. In the middle of the stream is a sand island 
whicn becomes covered at high water. On which end (north or south) of the 
island will the fine sand be found? Whv7 

(c) During a heavy rainstorm a gully was formed on a sloping field of 
heavy silt loom soil. Below the mouth of the gully on the field below consider- 
able sand was depoeited. Where did the sand come from? 

Laboratory Exercises. — Materioh Needed. — ^A hand lens; a high power 
microscope if available; a dozen tumblers or other dishes; a small bakins 
powder can ; 2 to 4 quarts of each of the eight important soil classes, also mu^ 
and peat; a balance; soil maps; stale map showing township and range. 

To Ezamine flw Building Material of Soils. — Procedure.— With the aid of 
a hand lens examine a pinch of sand and a pinch of loam. DistiDKuisb between 
sand, silt and clay particles. (Set u^ a high power microscope if convenient.) 

Questiona.— What are sand particles? SOt? Clay particles? 

To Studv Soil Stroctutes. — (ArranRement of soil particles.) Procedure. — 
With the aid of a hand lens examine the structure of a mass of clay. Of sand. 
Of crummy silt loam. Illustrate observations with drawings. 

Questiora. — (a) Of what materials are soil crumbs composed? 

(6) What binds the soil particles into crumbs or granules? 

To Study Texture of Soils,— Procfrfure.— Place in tumblers or in other 
convenient dishes, dry and typical samples of the eight important classes of 
soil (based on texture). Vary the color as much as possible, and have dupli- 
cates of some of the classes. Provide a moist sample of each. Inclwte muck 
and peat in this eiffircise. Becord results as follows: 



Clumcterutica 

^ot« "fwl," wli«thtt 



• Teaoher diould aupply peroantage rangOB o( suxl, wit ftod d»y. 

Questions. — (a) Explain this statement — "A sand is not necessarily 
all sand." 

(b) Give meaning of "A clay must contain at least 30 per cent day." 

(c) What ia a loam? 

(dj What is a loamy soil? 

(e) What makes a soil loamy? 

(/) What is a heavy silt loam? 
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To Dietingnish Son Clastas. — Procedure. — Proceed as in Exercise No. 3, 
only number the samples instead of namiag them. Provide a new set of 
sampkfl if possible. Include muck and peat in the unknowns. Detennine 
thi* soil classes. 

To Detennine the Difference in the Weigbt of Stils. — Procedure. — Fill a 
small baking powder can full of sir-dry sand and weigh. In the same msniter 
weigh a dry sandy loam, a silt loam, a clay, a muck, and a peat. Use a 20-mesh 
screen to separate out all coarse particles. Record results as follows: 



Waisbt of Mii] pill* Mui 



Wo^tol 



Waisht of foil 



QueaUona. — (a) What is a so-called "heavy" soil? 
(6) "T.ighi" Boil7 

(c) What per cent heavier ia the dry clay than the peat? 
(i) What per cent heavier is the diy sand than the peat? 

To Leam How to Use a Soil Hap. — Procedure. — Procure from the State 
Experiment Station, College of Agriculture or from the United States IDepart- 
ment of Agriculture several soil maps of counties in the state. Select one 
county map and answer the following questions: 

(a) Soil map of what county? 

(b) Give the boundary of the county in terms of township and range. 
Ic) Does this description check with that on the state map? 

(d) Name the predominating soil classes found in the county. 
ifi) Name the predominating soil types found in the county. 

(f) Give the land description of the section of land in the ntnthwest comer 
of the county. 

(a) Name the types of soil mapped in this section. 

field Studies. — 1. Observe different soils based on mode of formation. 

2. Observe different types of soil and note why different types. 

QUESTIONS 

1. What are the common meanings given to "soil"? Subeoil? 

2. What does a farmer mean when he saye, "My soil is three feet deep and is 

underlaid by sandy clay?'" 

3. In our study of soils in relation to crop production what is the meaning 

of soil to be understood? What then is subeoil to mean? 

4. Name and describe the soil components. 

5. Is soil a simple or complex substance? ETiplain. 

B. What is the most convenient way of classifying eoih? 

7. Distingukh between soil texture and structure. What makes a soil ooaise 

textured or fine textured? What structures may soils have? 

8. Name the eight principal soil classes based on texture in order from the 

coarsest to the finest textured. Give meaning of soil class. 

9. A certain soil is found to contain 2 per cent coarse sand, 3 per cent medium 

sand, 22 per cent fine sand, 35 per cent very fine sand, 27 per cent silt, 
and 10 per cent clay. To what class does this soil belong? 

10. What two meanings may be given to "sand"? To clay? 

11. What is meant by "loam"? Clay loam? Fine sandy loam? Grav- 

elly loaro? 

12. How ate "marsh" and "swamp" soils to be regarded? 
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13. What is meant by the mechanical compoaition of a eoil7 

14. Dietinguish between "Ught" and "heavy" soile. 

15. What are residual soils? Is peat one of them? 

16. Name and describe the tran^Hnted soils. 

17. Tell the story of the ^aciers. 

18. What is peat? Describe its formation. What U "raw" peat? What 

is muck? 
1ft. Can we have soils that may be described as residual alluvial soil; stony 
loess; glacial sandy loam; or cumuloee silt loam? Explain. 

20. What is soil mapping? 

21, How may a loam differ from another loam? How may the two be dis- 

tinguished from each other? 
32. What is a soil type? Illustrate. 

23. How may soil tvpes be classified or grouped? 

24. What is meant ty a soil series? 

25. Are peat and muck soils to be regarded as classes or typea of soil? Dis- 

tinguish clearly between peat and muck. What is meadow? 

26. Dracribe the conditions which lead to the formation of a "marsh" or 

"swamp" soil which you have seen. 

27. For an outline summary of the t^pter Bee table of contents. 
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CHAPTER III 

CHEMICAL COMPOSITION OF SOILS AND ITS RELATION 

TO PLANTS AND ANIMALS 

In the previous chapter it has been shown how the physical 
composition of soils, their mode of fommtion, and their charac- 
teristics have given rise to several claeaes and many typee of soils. 
In this chapter soils shall be considered from a chemical point of 
view, and in this respect their relation to plants and animals noted. 




Soil MaterialB Conqmsed of Elements. — The buildup materials 
of soils, as has been learned, am mineral particles and organic 
matter. These substances, like all material things, are composed 
of chemical elements.' Thus, when a soil is taken into a chemical 
laboratory and analyzed, its chemical composition is obtained and 
this composition, as of nearly all substances, may be expressed in 
two ways; viz., as elemenia and as oxides of elements; that is, the 
elements imited with oxygen (Fig. 14). 

Chemical Con^osltion of Soils.— In order to make ample and 



tbejr cannot be split up into anyUiing| else. Water is not tm element becauae 
'' *" >ducea to something else; vie., twoelements — hydn^n and oxygen. 
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plain the chemical composition of soils, the following table has been 
constructed which may serve as a key to the knowledge of chemistry 
required in further study. Only the more common and important 
elements are named. The more common oxides are also named 
for the purpose of avoiding any confufdon when these names 
are used. The chemical symbols' and formulas will help to 
fix in mind the differences between some of the elements 
and their oxides. 

a Elements and Some qf 
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Elements Exist in Combined Fonns. — These elements do not 
exist in soils separate from each other, but occur in united forms. 
Two or more are combined to form the soil particles which can be 
seen. For example, a sand, silt or clay particle may represent a 
combination of silicon and oxygen; or potassium, aluminum, 
silicon and oxygen; or calcium, magnesium, carbon and oxygen, 
etc, A particle of organic matter may represent a complex com- 
bination of nitrogen with practically all the elements. 

The Elements and Their Characteristics. — Oxygen is the most 
common and abundant element on the earth. In the free state it 
is a colorless, odorless and tasteless gas shghtly heavier than air, 

' Chemical symbols are abbreviations to represent chemical elements aad 
formulaa represent compounds. For example, the symbol for oxygen is "O," 
for carbon C," The formula for water is "H/J," meaning water is oxyg/ea 
united with two atoms of hydrogen. 
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and slightly soluble in water. It is a very active substance, com- 
bining directly with nearly all the known elements at ordinary 
temperature, A compound formed throi^h the union of any ele- 
ment with ox^sen ia called an oxide. Water is the oxide of hydro- 
gen (HiO). Iron rust is the oxide of iron. At high temperature 
oxygen combines vigorously with carbon with accompanying 
evolution of heat and light, as in burning. 

Oxygen is necessary for all animal life. Good blood owes its 
red color to a good supply of oxygen. It is of interest to know that 
nearly one-half of an average soil is oxygen by weight. Water \b 
90 per cent oxygen. By weight, air is 23.2 per cent oxygen. 
Rocks of the earth consist of 44 to 48 per cent of this element. 

Silicon. — Next to oxygen, silicon ia the most abundant element. 
More than one-fourth of the crust of the earth is silicon. Quartz 
sand is the oxide of silicon. Some mountains are largely sili- 
con oxide. In its free state silicon is a brittle solid, having a 
metallic luster. 

Aluminum is widely distributed in nature, constituting 8 per 
cent of the earth's crust. It has a great attraction for oxygen. 
It is found in pure clay and in nearly all conuuon rocks. In the 
pure form aluminum is a silver-white, lustrous metal about one- 
third as heavy as iron. It is used lai^y in the manufacture of 
cooking utenfflls and for many other useful things, such as paint, 
alum, etc. 

Iron — Pure iron is a white and fairly soft metal. It rusts 
easily in moist air and in salty solutions. Many farmers put grease 
on plow mold-boards and cultivator teeth to keep oflf the oxygen 
and "t.huB prevent rusting. Iron is very abundant and widely 
distributed. AU soils and rocks contain iron in some combined form. 

Calcium is always found in combined forms because it is a very 
active element. In its pure form calcium is a fairly hard, silver- 
white metal. This is a widely distributed element. It is an impor- 
tant constituent of bones, egg shells, limestone, coral, marble and 
natural chalk. 

Magnesium is widely distributed in nature, and occurs in large 
quantities. As an element it is a silver-white metal which bums 
in the ah* with a brilliant white light. More than one-half of 
flash light is magneaum powder. Many magnesium compounds 
are found in soils. Certain common rocks (dolomitic limestone) 
are composed of calcium and magnesium carbonates in nearly 
equal proportions. 
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Sodium is never found in the free state, but always combined 
with other elements. At ordinary temperature sodium is soft 
like wax, and it is so active that it must be kept under petroleum 
oil to exclude all oxygen and moisture. Common table salt is 
sodium combined with chlorine (sodium chloride). AH sodium 
came oripnally from rockp. 

Potassiom is very similar to sodium in its chemical properties. 
This element is never found in its pure form- Like sodium, it is 
a soft, silver-white, wax-like metal which reacts vigorously with 
water. Pure potassium, therefore, must be kept under petroleum oil. 
Potassium is widely distributed in nature. A considerable amount 
is present in mineral soils. It is found in the ash of plants in the 
form of a compound called potash. Large amounts of potassium 
salts are found in Germany and France. Potassium is a common 
constituent of potash fertilizers. 

Phosphorus does not occur alone in nature because of its great 
attraction for oxygen. In its pure form it is a pale yellow, vbx- 
like solid and very poisonous. Phosphorus is also a very active 
substance. Since it catches fire easily in air it has to be kept 
under water in air-tight cans. Phosphorus is a common constitu- 
ent of bones and of compounds called phosphates. Soils con- 
ttun a comparatively small amount of this element. Most phos- 
phorus of commerce is used in making matches. 

Sulfur is a common substance. It is yellow in color and may 
occur as crystals or as flour. Many rich deposits of sulfur are 
found in Texas, Loui^ana and Mexico. It is also found in com- 
bination with some of the metals, as lead, iron, zinc, etc. Sulfur 
is much used in the making of sulfuric acid, black gun-powder, 
hard rubber, etc. 

Carbon occurs in the free state as charcoal, graphite, coke, 
soot, lampblack, bone black, diamonds, etc. Large quantities of 
carbon are found in the form of coal, which represent the remains 
of vegetation of past geological ages. Carbon is the most im- 
portant constituent of all plants and animals. When carbon 
bums it unites with oxygen and forms carbon dioxide gas 
(CO]). Carbon in the soil b found mostly in the oi^anic matt«* 
and carbonates. 

Nitrogen in its free state is a colorless, odorless, tasteless and 
inert gas. Air is 76.8 per cent nitrogen by weight. In the gaseous 
form nitrogen does not combine to assist in life processes, yet in 
combined form this same element is absolutely essential to all life. 
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The origiDal source of all nitrogen is the atmosphere. Nitrogen is 
the important element in ammonia and in all nitrstee. In the 
8oU it is found mainly as compounds in organic matter. 

Hydrogen in ita pure form is a, colorless, odorless and tasteless 
gas. It is the lightest of all known substances. It is the most 
widely distributed element in the universe, being found in the sun 
and the stars. On the earth it is found mostly combined with 
other elements. It is an essentia] constituent of water. When 
hydrogen gas bums, the resulting compound is water — hence the 
name hydrogen (water generator). Hydrogen is an essential part 
of all plants and animals. 

The Mineral Elements. — Silicon, aluminum, iron, calcium, 
magnesium, sodium, potassium, phosphorus and sulfiir are fre- 
quently called the mineral dements (see table). 

The Elements Crops Take From Soils. — The elements that 
crops take from the soil components and which are absolutely 
necessary for plant growth are iron, calcium, magnesium, potas- 
sium, phosphorus, sulfur and nitrogen. All of these except nitrogen 
are the essential mineral elements required by all crops. 

The elements most commonly deficient m soils and which 
a£Fect crop yields the most are nitrogen (N), phosphorus (P), and 
potassium (K). These three are, therefore, commonly regarded as 
the fertilizing elements. With these might be included calcium (Ca). 
Some regard sulfur fully as important as phosphorus in crop pro- 
duction. Conclusive evidence, however, is lacking. Some tests 
seem to show that certain soils require sulfur to aid in obtaining 
larger crop yields. 

Stqtply of Important Elements not Large. — The total amount 
of these four elements in a sand is more often less than 2 per cent; 
in a productive silt loam often less than 5 per cent. The soil 
supply of nitrc^en, phosphorus, potassium and calcium, therefore, 
is not lai^. 

Of the essential elements, crops require the least iron, yet 
soils are rich in iron. Generally speaking, more than 85 per cent 
of soils consists of oxygen, silicon and altuninum. This oxygen 
exists in the soil in the form of insoluble compounds and is not used 
by plants. Both sihcon and aluminum are non-essential to 
plant growth. 

How Nitrogen is Held in Soils. — Nitrogen in free form is a gas, 
a component of air. The nitrogen which makes up a part of the 
composition of soils is held in soils largely as organic matter. 
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Before plants can secure this nitn^en for their growth the organic 
matter must decay. In a similar manner the mineral soil particles 
must decay or partially dissolve before plants can obtain the 
essential mineral elements. 

Lime, Its True Meaning. — Lime is the oxide of the element 
calcium, or calcium oxide (CaO). Pure burnt lime or quick-lime 
is nothing else than calcium oxide. Lime does not exist in soils 
in the form as indicated by it8 symbol; it is to be found in more 
complex substances. It is to be remembered that the calcium con- 
I tent of any substance may be expressed as per cent calciiun (Ca) 
or as per cent lime (CaO). 

Potash, Its Common Meaning. — The word potash is conmionly 
used to mean the oxjde of the element potassium, or potassium 
oxide (KsO).° Its true meaning, however, is potassium carbonate, 
a soluble alkah salt obtained by leaching wood ashes. True 
potash is not a substance that can be represented by the formula 
(KiO); it is a more complex substance, as indicated by the for- 
mula KiCOj. 

The potassium content of soils or of any fertilizing material 
may be expressed as per cent potassium (K), and commonly as 
per cent "potash" (KjO). 

" Phosphoric acid ** is the name frequently given to the oxide 
of the element phosphorus, (PjOs).* It does not exist in nature; 
nevertheless it can be made in a chemical laboratory. 

The phosphorus content of soils or of any fertihzing substance 
may be expressed as the element phosphorus (P), and as it is 
frequently expressed, as phosphoric acid (PjOi). 

ChenUcal ConqioBition of Soils Influences Plant Growth. — 
This brief discussion concemii^ the chemical compositioQ of soils 
is sufBcient to give us the idea that a loam, silt loam or any other 
class or type oi soil is a complex chemical substance down into 
which land plants send their roots, not only to anchor themselves 
but to obtfUn water and elements necessary for growth. It is 
reasonable, therefore, to believe that the chemical composition 
of soils influences the growth and develo|nuent of pluits in a 
greater or less degree {Fig. 15). 

Chemical Composition of I^ants Similar to That of Soils. — For 
centuries no one knew just what plfuits were made of or how they 

* The f<vmula KiO means two atoms of potassium united with one atom 
of onyBen- 

* The formula PfOi signifies tbe union ot two atoms of phoephorue with 
five atoms of oxygen. 



3d by Google 



SOURCES OF ELEMENTS PLANTS REQUIRE 35 

grew. About 290 years ago it was thought that a plant was 
nothing more than water that had undergone a mysterious change 
in the soil. Only 
within compara- 
tively recent years 
has it been found 
that the chemical 
c o m p o s i t ion of 
plants is quite simi- 
lar to that of soils. 

The elements 
required by plants 
and without which 
they cannot grow 
are ten in number; 
viz., nitrogen, phos- 
phorus, potassium, 
calcium, mag- 
neaum, sulfur, iron, 
carbon, oxygen and 
hydrogen. All the 
mineral elements 
are to be found in 
ashes. 

Silicon, sodium, 
aluminum and 
other elements are 
found in ash but 
they are not neces- 
sarily essential to 
plant growth, ance 
plants can grow 
without them. Ash, 
then, is the mineral 
portion of plants. 

Sources of Ele- ^^ is._T1» root nnUm of . potato pUnt in . per- 

mentS Plants Re~ mMble aoil. Thl* also iUiutnt** the loumn ot the eJementa 

„ I required by pUmta. (Alter Rotmiatrov.) 

quire. — Plants 

secure the elements they require from the following sources: 

1. The soU — furnishing nitrogen and mineral elements. 

2. The sod wiUer — furnishing oxygen and hydrogen. 

3. The air — fumiBhing carbon and oxygen. 
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How Plants Secure Their Nitrogen and Carbon. — Plants do 
not and cannot use nitrogen in its gaseous form, hence they do not 
take in any nitrogen directly from the air through their leaves. 
All mtrogen used by plants is taken in through their roots," 

Practically all the carbon contained in plants is taken directly 
from the wr through the leaves in the form of carbon dioxide (COa). 

Much Carbon is Used by Plants. — A bushel of shelled com 
contains about 25 pounds of carbon and one pound of ash. A ton 
of clover hay contains 950 pounds of carbon and about 140 potmds 



/ ir (Carbon dioxide) 



RLANTS f"^"''>^ ("■"'-('- Animals 

[Man and beast) 



^Ol I {Wafer, nitrogen an<I mineral elomenfs) 

Fta. IB. — Hie ralBtion ol plants to the soil and air on the one hand and t 



of mineral matter (ash). These two facts show the importance 
of both carbon and mineral elements in the production of crops. 
Chemical Composition of an Animal Body is Similar to That of 
Plants and Soil. — Plants are consumed by animals, and this means 
that the elements composing the animal body are secured mainly 
from plants. Thus it la not surprising that the chemical compoa- 
tion of an animal body should be similar to that of plants. The 
ash of an animal body contains the same kinds of mineral elements 
as are found in the ash of plants and in soils. In reality, therefore, 
the ash of an animal body is nothing more than the "dust" of the 

'This aeems contrary to general opinion especially aa reeardB clover, 
alfalfa and other legumes. The nitrogen eathered tiy the bactena within the 
nodules on the roots oF legumes is absorbed by the roots. 
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earth. In this connection no truer statement was ever made than 
that written more than three thousand years ago: 

In tbe sweat of thy face shalt thou eat bread, till thou return unto the 
ground; for out of it waet thou taken— 4or dust thou art and unto duat shait 
thou return. — Gen. 3 : 19. 

The Great Worii of Plants. — The elements which compose an 
animal body are gathered from various sources, and as such they 
are only in one of the stages or forms in the cycles through which 
they pass. A speck of phosphorus, for example, contained in an 
animal body may have been gathered from a cabbage head or a 
turnip; it tarries there for a lifetime, then continues its wanderings 
through the ages; and the only way it can again become a "build- 
ing block" in an animal body is to become built up in the tissue 
fA some edible plant. 

Plants not only furnish building materials for animal bodies, 
but they also supply them with fuel for heat and energy. Thus a 
great work of plants is to bring together carbon, oxygen, nitrogen, 
mineral elements and water and build them into foods for man 
and beast. 

The Farmer's Business. —Since man and beast must eat to 
hve and grow, the farmer's big business ia to raise those plants 
which have been found good for foods. Not only must he provide 
foods b;jt materials for clothing as well. In order that the farmer 
might do this most successfully he must understand soils and the 
principles upon which crop production depends. 

DemoiMtratiaa. — Maieriah Needed. — Material and apparatus necessary to 
generate and demonstrate characteristics of oxygen, hydrogen and carbon 
dioxide gaa: Samples of the eiementsaluminum, calcium, magnesium, sodium, 
potaaaium, phosphorus and carbon; lime, wood ashea, one-fourth of a pound 
of dry grass or clover hay, a baking powder can. 

1. Object. — To demonstrate the properties of oxygen, aluminum, calcium, 
magnesium, sodium, potassium, carbon, hydrogen, lune and carbon dioxide. 

2. Oloect. — To explain the true meaning of potash. 

Pracedvre. — Fill a baking powder can, having a perforated bottom, with 
wood ashes and leach out the potash. Evaporate. 

3. Object. — To show that plants contain mineral matter. 

Procedure. — Bum about 4 ounces of dry grass or clover hay and note 
the residue. 

Quealioti*.—(a) What are aahea? 

(6) Where did this material come from originally? 

(c) What escaped during the burning? 

(d) What part of clover hay is carbon? 

(«) What is the per cent aui content of clover hay? 
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1. How may the chemical compositioD of soils be expreeeed? Distinguish 

between element and oxide. 

2. Name the more important elements of which Boils are composed. Give 

symbol for each. (See table.) 

3. In what form do the elements occur in soils? 

4. Name four of the soil elementa with which you are more or less familiar. 

5. Describe the elements calcium, magneaium, sodium, potaaaium 

and phosphorus. 

6. Whidi is the most common and abundant element on the earth? In 

the universe? 

7. Nante the common mineral elements oontained in soils. 

8. Name the essential elements which crope take from soils. 

9. Which elements are moet commonly deficient in soils and which affect 

crop yields the most? 

10. Name the elements commonly reearded as the fertilising elementa. 

11. What can you say oonceming ue amount of the four moat important 

elements in soils? 

12. How is nitrof!en held in soils? 

13. Of what importance is decay in plant growth? 

14. What is meant by lime? 

15. Distinguish between potae»um and the common meaning of "potash." 

Between phosphorus and "phosphoric acid." 

16. What is potash? 

17. In what two ways are soils of use to plants? 

18. How does the chemical composition of plants compare with that of soils? 

What are ashes? 
10. Name all the elements required in plant growth. What are the sources 
of these elements? 

20. Do plants take in nitrt^en through their leaves? How then do they get 

this element? 

21. How do plants get their carbon? 

22. What per cent of a com kernel is carbon? Of clover hay? 

23. How does the chemical composition of an anima l body compare with that 

of plants and the soil? 

24. What is a great work of plants? 

26. What is the business of tne farmer? 

28. Compare the amount of wood fuel or coal burned in a stove in your home 
with the amount of ashes removed. Explain. 

27. For summary of Chapter Ul in outline form see table of oontents. 
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Among the factors which determine soil types was meDtioned 
"kind of material" which refers largely to the kind of rock from 
which the mineral particles came. Any traveler interested in 
soils can easily observe the marked effects that rocks and climate 
have upon soils in different sections of the country. In this chapter 
we shall consider some of these effects both from a physical and 
chemicaJ point of view in order that we may understand certain 
facts and soil conditions that may come within our observation, 
experience, or reading. 

BOCKS m THBIB RBLATION TO SOILS 

Kinds of Rocks and Their Changes. — There are many kinds of 
rocks, all of which may be divided into three main groups, according 
to the manner in which they were formed. 

^neous rocks were the first to form on the earth. They are 
also formed by the solidification of molten material from within 
the earth. Lava rocks formed through volcanic eruptions are, 
therefore, igneous rocks. , Other igneous rocks are granite, basalt, 
and syenite, 

Sedimentaiy rocks are bedded rocks formed from sediments 
such as sand, shells, mud, etc., deposited in sheets through the 
action of water and wind — ^mostly through water action. Throi^h 
pressure and cementation these sediments gradually change into 
rocks ; such as sandstone, limestone and shale. Most sedimentary 
rocks have been formed under sea water. All materials forming 
these rocks came originaUy f rom igneous rocks. Sedimentary and 
igneous rocks may change into raetamorphic rocks. 

Metamoiphic rocks are so called because they are rocks which, 
through long periods of time, have changed their structure as a 
result of great pressure, heat, and water solutions. Slate, marble, 
quartzite, and schist are examples. A limestone may change into 
a marble, which, under proper conditions may further change its 
structure and become a schist. Thus a sedimentary rock may 
change into a metamorphic rock, and, in turn, may undergo a 
further change sufficient to be designated as another ^nd of meta- 
morphic rock; namely, a schist. 

89 
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A Rock is an Aggregate of Mineral Particles. — On examining 
rocks closely we find them composed of mineral particles massed 
or cemented together,'' In some rocks, as sandstone, the particles 
are mostly of the same kind. In others they are of different kinds. 
In a granite, for example, the dissimilar particles may be easily 
distinguished by differences in hardness, color and crystal form. 
They are called "rock-forming minerals." 

Rock-foiming Minerals of Many Kinds. — We shall not attempt 
to study all the many kinds of minerals of which rocks are com- 
posed, but only the more common and important ones as are given 
in the following table : 

The Common and Important Bock Minerals 



Dolomite 
Apatite 

Hematite 

Pyrite 

Gypsum 



Si, Al, Na, Ca, K, 0. 

Si,0. 

Si, Al, Na, Ca, Fe, Mg, K, O. 

Si, Al, Na, Ca, Fe, Mg, O. 

Ca, O, C. 

C«, Mg, O, C. 

Ca, P, O, Fl. 

Fe,0. 

Fe,S. 

Ca, S, 0. 



A study of the chemical composition of these rock minerals 
will make clear to us the source of the mineral elements necessary 
for plant growth. 

No nitrogen is found in any of these minerals. 

Quartz particles are the grains of whi(5i sandstones are 
mostly formed. 

Why Some Soils Are Deficient in Some of t^e Important 
Mineral Elements. — A sandy soil composed of quartz sand, or 
derived from pure sandstone would naturally contain only a very 
small amount of the important mineral elements. Why? 

Soils composed of mineral particles derived from rocks contain- 
iog such minerals as feldspars, hornblende, micas, apatite, etc., 
are usually well supplied with the mineral plant-food elements. 

The fact that peat soils do not cont^n any appreciable amount 

' Lava or glassy rocks are exceptions. 
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of mineral particles containing the necessary mineral ele- 
ments explains why they are generally defideut in potasdiun 
and phosphorus. 

Muck soils usually contain more potas«um and phosphorus 
than peats, because these soils contain considerable mineral 
matter (Chapter II). 

MOBE ABOOT WEATHERINQ 

Products of Rocks Weathering.^We have learned that the 
frameworit of mineral Boils' consists of sand, silt and clay — the 
common products of rock weathering. 

When a granite, for example, is transformed by weathering 
into soil, many chemical changes occur during the transformation. 
A residual soil from granite is not merely a powdered form of that 
rock, represented by a combination of sand, silt and clay. Many 
of the soil particles, jt is true, are the same kind of mineral particles 
as are found in the granite; others, however, are quite different 
from any that ever occurred in the parent rock. The formation 
of the new kinds, or secondary minerals, is a result of the chemical 
changes, or decay. In the decay, or chemical changes, many of 
the complex rock minerals are split up, chemically, and thdr. ele- 
ments recombine in different ways, or unite with other elements, 
water and gases. 

In addition, therefore, to the cominon products of rock weather- 
ing—sand, alt and clay, there are formed other products, among 
which are true clay (kaolin), carbonate of lime, and salts. 

True clay (kaolin) is a definite, fine material originating mainly 
through the decay of feldspars and micas. 

Caibonate of Lime, or lime carbonate, is lime combined with 
carbon dioxide gas. (CaO + COt). It is formed in rock decay 
when the calcium (Ca) in the rock enters into a new combination 
with and through the action of carbon dioxide and water. 

The mineral calcite is a pure form of carbonate of lime. Lime- 
stone, shells, coral, marble, dried lime mortar, air-slaked lime and 
marl are other forma of material containing lime carbonate. 

Salts. — Among the many salts formed during the process of 
rock decay are: 

Chlorides. — Common table salt is an example. 

Sulfates. — Glauber's salt is an example. 

* Soila mfide up ofmateriala derived from rocks are commonly referred to 
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Carbonates. — Such as washing soda. 

Pkosphatea.—AB lime phosphate. 

From Granite Into Soil. — ^A residual soil resulting from the 
weathering of a granite is usually a Bandy loam or loam. The 
transformation of granite into soil is illustrated and siunmarized 
in the following digram : 

From Bock mto SoU 



The rook 
















Cheminl oompoutian of tbe - 
rock DOoenUg 














QuarU 


Si,0 


Sand, sUt, 


Sandy loam 
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Soils From OUier Rocks. — Sandstone usually gives rise to sand 
or sandy soils; shale and, slate to heavy clays, and limestone to 
silt loams and clay loams. 

THE EFFECT OF CLIMATE 

Soils in Humid Climates Are Leached. — In humid* climates 
the heavy r^nfall causes much soil to be washed away and carried 
into the ocean. Sand, silt and clay are not the only materials 
carried into the sea — carbonate of lime and salts are also 
thus carried. 

In a hiunid r^on much of the nunfall sinks into the ground, 
and as the water passes down through the soil it diaaolves carbon- 
ate of lime and salts and carries them in solution until it comes 
to the surface in the form of springs; thence into rivers, and finally 
into the sea. All drainage waters, therefore, carry to the sea, 
carbonate of lime and salts in solution and sediments. 

* When a region has an averajge annual rainfall of more than 30 inches 
it is reearded as having a humid climate. A region having an average annual 
rainfall of between 20 and 30 inches the climate is commonly referred to 
as Bub-bumid. 



3dbvG00g[e 



ALKALI S01I£ 43 

What Becomes of the Materials Carried Into Ihe Sea. — The 
Band settles out near the shore, and in time becomes sandstone 
(Fig. 17). 

The clay settles to the bottom farther out and finally turns 
to shale. 

The aaiiis remaining in solution become the "salt of the sea." 

Shells. — The cfu-bonate of lime is taken out of solution In the 
ocean water by myriads of tiny shell animals, whose shells sink to 
the ocean floor when they die. Coral animals, certain water 
plants and bacteria also cause carbonate of lime to be deposited. 
Usually, however, on the sea bottom beyond the accumulations 



ir mlty. The diMolveJ a 

of sand and mud there are deposited shells and particles of carbon- 
ate of lime which in time turn into limestone. As a general rule, 
whenever limestone, sandstone or shale ia found, there at one 
time existed a sea or lake. 

The mud and sand, which are the impurities of limestone, con- 
stitute the soil-fonning material when limestone weathers. 

Alkali Soils. — Soils in regions of little or no rainfall are not 
leached as they are in humid or sub-humid climates. The salts 
formed through weathering processes, therefore, accumulate in 
these soils. In places the soils are so salty that cultivated plants 
cannot grow in them (Fig. 18). Such soils are called "alkali 
soils." Salty crusts commonly form on thar surfaces. When 
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these cruste are white the name "white alkali" is used, and "black 
alkali" when the crusts are brown or black. "Black alkali" dis- 
solves organic matter; hence the black crusts. 

Alkali Spots. — In sub-humid and humid climates small areas 
of alkali soils may be found varying in extent from a few square 
rods to several acres. These areas are usually depressions or areas 
kept wet by seepage water. In either case there has been an 
accumulation of salts in these areas, the quantity is usually not 
sufficient to prevent entirely the growth of crops; though in some 
cases much injury does result. 



. S. Diept. of A(riculture.) 

OtherEffects of Climate. — Soils in arid ^ and semi-arid climates 
are usually coarsef textured and generally lighter in color than 
those of humid re^ons. 

Arid soils are deep and uniform with but little difference in 
texture between soil and subsoil; while those of humid or sub- 
humid r^ons are generally of fine texture and have subsoils which 
contain more clay than their surface soils. 
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In cool, humid climates, organic matter decays slowly, hence 
bchIs in such regions are generally well supplied with organic matter. 

In warm, humid climates, vegetable matter in Boiis decays 
rapidly, hence the aoils are usually low in oi^anic matter. This 
accounts in part for the many red soils found in the South and 
the Tropics. 

Leaf^ed and Sour Soils. — Soils in humid regions are generally 
well leached of their soluble salts. Moreover, many of them, espe- 
cially the upland soils, have had the carbonate of lime so completely 
leached out ol them that they have developed a condition generally 
referred to as "acidity," Soils which lack carbonate of lime are ■ 
thus commonly termed "sour" or "acid." 

niustratioii Material for LesBona. — A few hand specimens gC igceous, 
sedimentary and metomorphic rocks, (Include a sample of lava rock.) ^)eci- 
Qtena of the common rock-forming minerals. A sample of kaolin (true clay). 
limestone and other natural carbonates. 

If posible show samples representing different stages in the fonnation of 
soil from an igneous rock; from a sandstone; shale; and from a limestone. 

A sample of an alkali soil and of a red soil commonly found in the South. 

Demonstrations. — Material Needed. — A tablespooaf ul each of common salt 
and sodium carbonate; 4 tumblers; and about two-thirds of a cupful of a 
black soil. 

To Hake Clear the Meaning of " White " and " Black " Alkali. — Pn>- 
eedure. — Place about a handful of black soil in each of two tumblers. Fill 
one about half full of a strong solution of common salt (a white alkaU) and the 
other about half full of a strong solution of sodium carbonate (black alkali). 
Stir the contents of each tumbler and let stand at least twelve hours. Strain 
the liquid into two other tumblers and note difference in color. (Show the 
class samples of the two salts.) 

Quealions. — (a) Which salt dissolves organic matter and which does not? 

(b) What would be the color of the drainage water in a section of "black" 
alkaU? In an area of "white" alkali? 

(c) Why is the one salt called "white" and the other "black" alkaU since 
both salts are white in color? 

(d) Where are alkali soils found? Why? 

Laboratoiy Exercises. — Maierials Neeiled. — Specimens of common rock- 
forming minerals — feldspar, hornblende, quarts, wbite and black mica, calcite, 
gypsum, apatite, pyrite, etc,; specimens of common rocks, such as granite, 
trap rode, schist, shale, slate, limestone, marble, sandstone and quartzite. 

To L«am to Rect^oize me Common Rock-foiming Minerals.— Proco^we: 
— Examine carefully t£e samples of rock-forming minerals provided for study. 

Record observations in tabular form with heading as follows : Name of 
mineral, color, essential plant-food element it contains, plains in which mineral 
can be split (plains of cleavate), common end product in weathering, and rela- 
tive hardness. 

The relative degree of hardness can be determined by scratching each 
with the other, (See Rocks and Rock Minerals — Pirason.) 

QueslioTu. — (a) Which are the two most common rock-forming minerals? 

(6) Suppose a sand (soil) contains many sand particles of apatite. What 
of its phosphonis supply? 
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(c) A muck oonUins much silt and day. What of its siqiply of mineiBl 
plajit-food elements? 

(d) Suppose the mineral matter in a muck is all quarti gand. Would its 
aupiJv of phosphorus and potassium be the same as that of (c)7 Why? 

To I.««m to Recognize 0ie Common Rocka. — Procedure. — ^Examme with 
hand leas the different rock specimens provided. Becord observations in 
-tabular form — headings as follows: Rock group, name of rock, color, texture, 
etnictunt (denae, fine grained, granular, or laminated), and unportant min- 
etala of which composed. 

QuexiUms.—{a) What kinds of soil form the following rocks — granit«, 
sandstone, limestone, and shale? 

(b) What forma the soil in the weathering of a limestone? 

Field Studies. — When practicable, field trips may be made for studying 
the rock formations of the conununity. Note relation between the pievading 
rocks and the kinds of soil. Note also whether the areas of soil visit«d aro d 
icflidual or transported formation. 

QDESnONS 

1. NamethethreelargeEroupsorclasBesofrockH. Howdotbese three groups 

differ from each other aa regards origin? Name some of the common 
rocks belonging to each group. 

2. Tell of the changes that ro«k undergoes. 

3. What is a rock? 

4. Name some of the common rock-forming minerals. 

fi. What is the source of the important mineral elements required by plants? 

6. Why are some sandy soils poor in mineial ptant^food elements? 

7. Why are peat soils ipenerally deficient in potassium and phosphorus? 

8. Do muck soils oont^n more or less mineral elements than peat? Explain. 

9. Name the products of rock weathering. 

10. Distinguish betwieen clay and true clay. 

11. What IS carbonate of lime? Name some materials containing much 

lime carbonate. 

12. What kinds of soils are formed from granit«7 FVom sandstone? From 

shale? From limestone? 

13. Why is the wat«r of the sea salty? 

14. Explain how sandstone, shale and limestone are formed. 

15. How can a soil form from a limestone? 

16. What are alkali soils? Alkali spots? 

17. Name otiier differences in soils of arid and humid regions. 

18. In what kind of a climate are acid soils likely to occur? Eitplain. 

19. Distinguish between "arid," "semi-arid," "sub-humid" and "humid" 

climates. 

20. In which onee of theee have you lived? 
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CHAPTER V 

SOIL AIV IMPORTANT FACTOR A^T^CTING 
PLANT GROWTH 

The growth of plants has mtereeted thoughtful men of all ages. 
Little by little knowledge concetning plant growth accumulated, 
and even today all is not known. Scientists will always study and 
investigate the growth and habits of plants. In order that a clear 
understanding might be gained of some of the fundamental 
principles of crop production, it is necessary to know a few facts 
concerning the growth of plants, and note in particular to what 
extent soils may affect this growth. 

Conditions Must be FavOTable. — It is self-evident that a plant 
must have favorable conditions surroundii^ it before it can grow 
to its fullest devdopment. These conditions must be favorable 
from the time the seed is planted to maturity. 

The life history of a plant may be conveniently divided into 
four periods; viz., the seed or dormant period, the germination 
period, the v^etative or growing period and the fruition or fruitiiyf 
period. The average farm plant passes through three of these 
periods in contact with the soil. We shall now conmder the con* 
ditions and requirements necessary to each of these three periods. 

THE GERMINATION PERIOD 

The Germination Period a Critical One. — Many poor crops 
are to be explained in no other way than that the conditions 
during the time of germination were not favorable. Frequently 
when the conditions are too imfavorable the seeds become moldy 
and fail to germinate. 

life in a Hanted Seed Strives for Existence. — ^When a seed 
is planted in the soil it is placed in a medium teeming with bacteria 
and f ui^ which would feed on the seed if no resistance were offered 
by it. Thus, as soon as a seed is placed in the ground there begins 
at once a struggle for existence on the paxt of the life in the seed 
against these bacteria and fungi. When conditions are favorable 
for the seed, it wins and sends out its roots and stem ; if unfavorable, 
the soil organisms win and cause the seed to decay. How 
very necessary it is, 'tiierefore, that the conditions be favorable 
during germination. 
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Requirements and Conditioiis for Genninatum. — For a most 
vigorous germination seeds require (a) a favorable moisture supply 
in the soil; (b) sufficient air for oyxgen; (c) favorable temperature, 
and (d) good tilth. It is to be noted that a germinating seed 
requires no plant-food elements from the soil or carbon dioxide 
from the air. It does not need them, since nature has surrounded 
tlie germ in the seed with a storehouse of food. As soon as the 
dormant life quickens, this store of food is drawn upon to nourish 
it. Water and oxygen are required for the same reason that ani- 
mals require them; viz., for life processes. And warmth is just as 
essential in promoting these life processes in a germinating seed 
as it is in an animal body. 

Just as some animals can tolerate lower temperatures than 
others, so it is with germinating seeds. Farmers in different sec- 
tions of the country learn by experience when it is the best time 
to plant various seeds to meet favorable temperatiu^ conditions. 
No farmer in a temperate zone would think of planting beans and 
com as the first crops in early spring. Again, com will rot imder 
temperature conditions that will permit germination of winter 
wheat and rye. 

When lands are wet and cold, a farmer can help in a large meas- 
ure to create more favorable temperature conditions in the soil 
by draining such lands. 

The supply of air and moisting and the temperature conditions 
for the planted seed are influenced in a large d^ree by the physical 
condition of the soil or seed bed. In this connection much is said 
and written concerning tilth. 

Tilth Defined. — ^Tiith refers to the physical condition of the 
seed bed with respect to mellowness and firmness, indicating 
whether or not the soil is capable of favoring germination or 
promoting plant growth. 

Good Tilth. — ^When a soil has a certain degree of mellowness 
and firmness favorable to seed germination and plant growth, it 
is said to have good tilth; for example, a loamy soil havii^ a ffur 
degree of firmness. 

Poor Tilth.— A. soil is in poor tilth when it is too loose, very 
lumpy or very hard and compact. These conditions are unfavor- 
able to germination and plant growth. 

Tilth does not indicate a rich or poor soil. The poorest soil 
imaginable may have excellent tilth; a poor sand, for example. 

The only substance a germinating seed takes from the soil is 
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water. Because of this, goojl tilth is of vital importance since 
fiminess of the soil determines largely the ease with which the 
planted seed secures this moisture. 

Absorption of Water by Seeds, — ^As soon as a seed is planted 
in moist soil it bepns to absorb water, and as a consequence, 
it swells to its fuUeat extent before it germinates. Some seeds 
absorb more than their own weight of water. When other con- 
ditions are favorable, absorption of water determines largely the 
welfare of the seedling and vigor in after-growth. The factors 
which influence the rate of absorption are (a) contact between 
the seed and the soil, (6) amount of moisture in the soil, (c) tem- 
perature, and (rf) salts. These factors may seem unimportant; on 
the contrary they have direct bearing on successful farming. 

Contact between the seed and sc^ is the means whereby the 
moisture in the soil gets to the seed. The better the contact, 
therefore, the better the moisture supply for the seed, provided, 
of course, there is moisture in the soil. This explains in part why 
a firm seed bed is generally desirable. Alfalfa seed sown in a loose, 
ashy seed bed very often results m failure, because of the lack of 
good contact between the seed and the soil. 

Moisture. — Seeds cannot germinate in dry soil. The planting 
of soaked seeds in dry soil invariably results in failure. The more 
water in the soil does not necessarily mean a more rapid absorption 
and hence a more rapid germination. Too much water shuts out 
oxygen and it also creates unfavorable temperature conditions. 

Warmth favors and cold retards absorption of water by seeds. 
When water absorption is retarded germination also is retarded. 

Salts Retard the Rate of Absorption. — Under like condition 
seeds will absorb moisture more slowly and hence germinate some- 
what more slowly in a rich soil thaji in a poor one. If present in 
considerable amounts, salts Eict as poisons. Many alkali soils 
will not permit germination of seeds. Some salts are poisonous to 
plants even in small amounts. Sometimes a farmer greatly retards 
germination or even kills his com seed, for example, by dropping 
too much fertilizing salts on the seed in the hills or drills. 

THE VEOETATTVE OR OROWINa PERIOD 

The Period of Greatest Activity. — ^This is a most active period 
m the life history of a plant. During this period the plant carries 
on BIX distinct activities, namely: 
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1. It respires. 

2. It transpires — ^moisture is given off, particularly from 
the leaves. 

3. It takes in substances (raw materials) : (a) Carbon dioxide, 
(6) water,' (c) salts (containing nitrogen and mineral elements). 

4. It converts the raw materials into foods: (a) Protein, (6) 
carbohydrates, (c) fats. 

5. It grows. 

6. It stores foods. 

The Plant a Factory. — ^As soon as the seedling establishes itself 
in the soil it shifts its dependence for food from that stored in the 
seed by its parent plant to that of its own manufacture. Thus 
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the plant grows into a real manufacturing establishment, most 
wonderful and mysterious throughout. The plant cells correspond 
to the departments — the leaf cells being the most important; the 
content of the cells, chlorophyll,^ etc., represents the machinery; 
the raw materials taken in are carbon dioxide, water and salts 
(Fig, 19); the power is the ener^ of sunlight; and the products 
are foods, of which there are three classes — protein, carbohydrates 
and fats. The common carbohydrates aie sugars and starches. 

Conditions and Requirements During Vegetative Period. — ^In 
order that the average farm plant might carry on all its activities 

' Only a comparatively small amount of the water taken in by plants is 
used in the manufacture of foods — moat of it is transpired. 

' Chlorophyll is the substance in plants that gives them their green color. 
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in the best possible maimer, the following conditions and ^i^u'.e- ■ 
ments must be met: 

(a) Sufficient moisture must be present in the soil. 

(6) The plant must have air from which to secure oxygen and 
carbon dioxide. 

(c) Favorable temperature must prevail. 

(d) The soil must be in good tilth. 

(e) The plant must be able to secure sufficient nitrogen and 

mineral elements from the soil. 

(/) The plant must have sufficient sunlight. 

It is to be observed that in this period the plant demands three 
other requirements and conditions in addition to those required 
during germination; viz., carbon dioxide, plant-food elements 
and sunlight. 

Temperature in Relation to Crop Growth. — ^The air temperature 
at which plants grow the best varies with different farm crops. 
The best for small grains is between 77 and 88 degrees F.; for 
cucumbers and melons, between 88 and 99 degrees; for com and 
hemp, between 99 and 110 degrees. 

The lowest air temperatures at which crops can make some 
growth are as follows: for small grains, between 32 and 41 degrees 
F.; for corn, between 41 and 51 d^rees; for tobacco, between 51 
and 60 degrees; and for melons and cucumbers, between 60 and 
65 d^rees. 

Permeable Soil Is Inqwrtant (Good Tildi). — If the soil covering 
a seed should become bard and very compact, the stem may not, 
or may with difficulty, succeed in breaking through. If the soil 
aroimd and below it also becomes too hard and compact, the roots 
are checked in their development — a stunted plant is the result. 

If, on the other hand, the soil b in a coni^tion to permit the 
stem to push itself through to the surface with ease, and the roots 
to penetrate the soil without hindrance, the seedling soon estab- 
lishes itself SB a vigorous plant. A permeable soil, therefore, is 
an important condition, not only when the plant is very small 
but throughout its growing period. 

Much attention, therefore, should be pven to the preparation 
of the most favorable condition that will enable a young plant 
to estabUsh itself in the soil in the quickest and beat possible 
manner. This attention is to be confined largely to the develop- 
ment of good tilth, or in other words, to the preparation of a' good 
seed bed. The smaller the seed to be sown, the better the seed- 
bed preparation should be (P^. 20 aad 21). 
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What Good Tilth Implies. — ^Very often a fanner is deceived in 
thinking that the looser the soil or seed bed becomes throi^ 



Fia. 20.— Tha w 
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Fia. 21. — Tbe difFarence it make*. Rwluh leeds in row A were pluited looBely in 
moiit loil, while thoao in row B. though_pl»nied the same time, were preued in elooe eon- 
tut witb tbe nioiat soil, u in Fig. 20. Thii principle in seed-planting applies generally. 

plowing and harrowing, the more excellent the tilth or seed bed. 
Good tilth does not imply just looseness or meUowness of the seed 
bed — it means a certain degree of firmness or compactness as well. 
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The full meaning of good tilth and its importance as regards the 
seed and the young plant may be gained by studying the following 
brief outline. 

(a. EntraDce of air. 
b. Stem penetration. 
c. Root penetration. 

2. FirmneBS of seed bed to r a. Between soil particles, 
secure good contact (Fig. I b. Between seed and soil. 
20) [c. Between roots and soil. 

Whenever a seed bed is too loose, therefore, it should be made 
firm even before planting, by the use of a roller, so that there will 
be good contact between the soil particles, between the seed and 
the soil when the seed is planted, and later on between the roots 
and the soil. The soil should be firm enough to make this good 
contact possible, yet not so compact as to prevent the entrance of 
air and the easy penetration of the stem and roots (Figs. 22 and 23), 

Factors AfEecting the Development of Good Tilth.— The devel- 
opment of good tilth through cultivation depends largely on the 
texture, structure, and moisture content of the soil. Heavy soils 
usually require careful management to secure good tilth. It is not 
difficult to develop a good seed bed on sandy and loamy soOs, 
and on soils having a crummy or granular structure. 

A hard and liftnpy or heavy clay if plowed in the fall will develop 
good tilth of itself as a result of the freezii^ and thawing during 
winter and early spring. 

All soils work up much better when they contain a proper 
amount of moisture. Plowing or cultivating a heavy soil when 
too wet invariably results in poor tilth, in that the soil becomes 
hard and lumpy. 

Rant-food Elements. — The so-called "raw materials" taken 
in by plants contain the essential elements which enter into the 
composition of the foods made by them, hence the terra "plant- 
food elements." 

Availability of Plant-food Elements.— Nitrogen and the mineral 
elements enter the plants through their roots in the form of com- 
pounds or salts in solution.* These elements must be m the form 
of soluble compounds, or in liquid form, before they can become 
available to the plants. In this respect we speak of "availability" 
of the plant-food elements. 

'Water enters a plant through its roots by a process called "osmosifl." 
The entrance of salts in solution may be termed "diffusion." 
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When a eoil has an ample supply of the necessary elements in 
soluble form or in a condition which may be easily converted into 
soluble form when needed for the production of a lai^e crop, that 
soil is described as having sufficient "available" plant-food ele- 
ments for a good yield. 

The fact that crop produc- 
tion depends in a large measure 
upon the availability of the 
plant-food elements in the soil 
makes it necessary that farmers 
understand the . conditions 
whereby soils may give up these 
elements in the amounts de- 
manded by good crops. These 
conditions and principles are 
discussed in later chapters. 

Function of the Plant-food 
Elements. — It is of interest to 
note briefly the functions of the 
elements required by crops. 

Carbon is used in the malt- 
ing of carbohydrates, fats 
and protein. 

Nitrogen is used in the 
making of protein. 

Phosphorus is of much im- 
portance in the " filling out" 
and development of the grain, 
often hastening maturity. It is 
also used in the making of 
protein. Sufficient available 
phosphorus causes young plants 
to develop good, strong root 



Potassiim is much needed "U'^fSSbf.'Si'Tl^^"'' 
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by plants to aid in starch and 
protein formation. Such crops as com, sugar beets, potatoes, 
alfalfa and clover, therefore, require large amoimts of this element. 
Calcium seems to be used largely in leaf and stalk development. 
It is also regarded as a protective agent, in that it prevents harm- 
ful effects of acida formed within the cells. 
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Sulfur enters into the compoeitioti of protein. 

Magnesium seema particularly necessary for leaf development. 

Iron is necessary for chlorophyll formation, 

THE FRUITION PERIOD 

During this period the plant arrives at its maturity. It 
reaches its object of life; viz., the production of fruit or seed to 
propagate itself. During this period grains "fill" and harden, 
and fruits mature and ripen. This is not a period of food manu- 
facture, but rather of translocation of foods from the stems and 
leaves to the fruit or seed. Air, moisture and favorable tempera- 
ture are the necessary requirements. 

Demonstratioiia. — Material Needed {not including demonstration No. 8). — 
About 12 oimccB of com (seed) ; a few wheat kemela, and a few clover, cucum- 
ber, oat and bean seeds; 6 tumblers; 1 balance; a tabiespoonful or more of 
salt; 1 quart of quartz sand; 6 one-gallon crocks; 18 quarts of loani or eilt 
loam; and 10 quarts each of rich garden soil and a poor soil of the same class. 

To Show TTiat Seeds Absorb Much Water Before Th^ Genninate.^ 
Procedure. — Weigh out 50 grams or 2 ounces of either com, beans or amall 
grain and soak in water for 24 hours. Then wipe off tii^ adhering wat«r aod 
weigh aaain. Determine the per cent of water absorbeil. {Use weight of diy 

To Show That Temperature Affects the Rate at Which Water is Absorbed 
by Dry Seeds. — Procedure. — Weighouttwolotaof seedof SOgramaor 2 ounces 
each. Soak one lot in warm water and the other lot in cold water for about 
two hours. Wipe off the adhering water, weigh, and determine the per cent 
of water absorbed. 

To Show that Salt Retards the Rate of Absolution of Water by Seeds. — 
Procedia-e. — Place one 2-ounce lot of seed com in ireeh tap water, and another 
lot in a strong salt solution. Keep all at the same temperature for several 
hours. Then wipe the seeds and compare weights. 

To Show Tliat no Added or Outside Plant-food Elements are Heeded for 
Germination. — Procedure. — Plant large, medium and small seeds (com, wheat, 
clover) in pure quartz sand. Keep moist with pure water. Keep in favorable 
temperature, light, etc., and note time in which plants appear. Continue 
observations until plants die. 

Questione. — (a) Name the essential conditions for ^rmination. 

(6) Why are not piMit-food elements from outside sources needed for 
germination? 

fc) Why do the lower leaves dry up first? 

(d) Win the dry material of the dead plants (roots and all) weigh more 
or less than that of the seeds? Why? 

(e) Will the amount of ash be greater or less? Why? 

To Show the ESect of Temperature on Plant Growth. — Procerfwe.^Plant 
either winter wheat or oats and cucumber seeds in each of two one-gallon 
crocks filled with loam or ailt loam. Place both jars in a favorable place. 
Water. When the plants are well started, place one crock in a well-hghled 
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To Hake Clear the Meaning of " Carbol^dnite." — Procedure. — ^Put a 
tablespoonful of aiuar into a tumbler; add a little water to make a thick ajTup 

ikeep cool}, then add about two tableapoonfula of sulfuric acid. Note results 
Fig. 24). 

QueBiiorta. — (a) Where did the carbon come from? 
(6) How did tie plant pet it? 

(r) Why is not suKar bLack since it contains so much carbon? 
(d) Of what is a diamond made? 
. (e) What is tlie difference between a. diamond and a piece of charcoal? 
To Show that a Fanner Must Observe Tempersture Conditions When 
Planting Different Seeds. — Procerfwe.— Proceed as in demonstration No. 5, 
and plMit a few seeds of wheat, beans and cucumbers in each crock. Place 
one crock in the tcreenhouse and the other in a well-lighted place havinK a t^m- 



Fia. 24. — What h»pp«nB when the chemioBlly-combined Bster ia withdrawn from 
siwsrT The carbon in the buhw is set free. Sugar ia s oarbohydisU = (carbon + water) 
= 12 atoma ot carbon IC) eombinod with 11 atoms of water (HK)). In thia ease the water 
waa withdrawn from the sugar by ■□Iphurie add. 

perature between 35° and 40° F. Obaerve results regarding germination 
and srowth. 

Question. — Construct a table showing the best air temperature at which 
some of the common farm crops grow the best, and the lowest temperature 
at which crops can make some growth. 

To Coaq)are the Rate of Germination of Com in a. Kich and a Poor 
SoiL — Procedure. — Procure about four quarts of a rich greenhouse soil and 
the same amount and kind of poor soil. Allow both soils t« warm to the 
same temperature. Moisten both and place in two one-gallon crocks. In 
each plant about five kernels of com. Place both in a favorable place, water 
when necessary, and observe which plants appear first. Continue observations 
until after four or five weeks. 

Quetlions. — (a) Give reason for the difference in germination and 
early growth. 

(b) Give reason for the difference in growth after four or five weeks. 
(Consult text.) 
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To Demonstnte the Need of niboees and the Six EBBentul Hinera] Ele- 
ments in Plant Growth. — Proeedvre.^-P^ee 50 kemela each of wheat and oats 
between moist blotters, and germinate. When the seedlings are well started 
transfer the best ones to culture solutions (Fig. 19). By means of pins fasten 
at least 3 of each kind of aeedlinfCB in each cork. Start four cultures, as follows: 

(1) Distilled water, (2) full nutrient solution, (3) nutrient solution with- 
out phosphorus, (4) a culture without iron. Place in favorable place and 
observe growth. 

Prepare full nutrient solution as follows: 

Potassium acid phosphate .... 8 grams in J^ liter distilled water. 

Calcium nitrate 6 grams in J^ hter distilled water. 

Magjiesium sulfate 15 grams in H hter distilled water. 

Ferric chloride 0.05 grams in J^ hter distilled water. 

Forusetake50c.c. of eachof the firat three Holutions and 4 G.c. of the ferric 
chloride solution, mix, and dilute to 500 c.c. with distilled water. 

For nutrient solution without phosphorus use 10 grams of potassium 
chloride instead of potassium acid phosphate. 

For nutrient solution without iron omit the ferric chloride solution. 

Cover each jar with brown paper. Keep iars full by using distilled water. 
Renew culture solution if plants are allowed to grow a long time. Observe 
the character of growth and root development. 

laboratory Exerdses. — MaUrial Neided. — A handful each of com, beans, 
oata and wheat seeds; 2 tumblers; 18 one-gallon crocks; a small amount of 
tincture of iodine; one mortar and pestle; S quarts dry fine sand; 8 quarts 
moist hne sand; 8 quarts wet fine sand; 4 quarts dry silt loam; 4 quarts 
moist silt loam; 4 quarts wet silt loam; 4 quarts mack sandy loam; 4 
quarts Ught colored sandy loam; a small amount pulverized muck and hme; 
12 thermometers. 

To Demonstrate That Oxygen is Hecessaiy for Germination. — Procedure. 
— (a) Place some com, beans and wheat seeds in two tumblers of water. 
Change the water in one tumbler each day, but do not change the water in 
the other. (6) Plant some corn, wheat and bean seeds in each of two one- 
gallon crocks. Maintain favorable moisture conditions in one, and keep the 
Other soil saturated and flooded with water. Hecord results. 

Quesfwww. — (n) Why cannot seeds germinate in stagnant water? 

(6) Why do com and beans often rot in wet, cold soils? 

(c) Why is oxygen necessary for germination? 

To Demonstrate the Importance of Good Contact Between the Soil and 
the Planted Seed. — Procedure. — Fill a two-gallon crock with a loam and tamp 
so as to make a good, firm seed bed. Make two shallow furrows with a stick 
and sow radish s^s m each. Cover seeds in one furrow with moist soil, press 
soil down on seed, then cover with loose dirt. Cover the seeds in the second 
furrow with moist soil but do not pyeea the soil on the seed. (Before pre)»ring 
the seed bed see that the soil is moist or contains a favorable moisture 
supply, Figs. 20 and 21.) Place the crock in a favorable place — do not water. 
Observe results. 

Queslion3.—{a) Why is it necessary to have good contact between the 
seed and soil? 

(b) What is the meaning of tilth? 

(c) What is good tilUiT 

To Study the Effect Produced When a CUy or a Heavy Ckr Loam iB 
Worked When Very Wet— Procedure. — Place a cupful of clay or a heavy clay 
loam upon a pie tin or saucer. Add sufficient water to form thick mud. Mold 
the mud into a ball and allow it to dry out in the sun. Repeat, using a sand. 
Note results. (Save hard (ilay ball for next e: ' 
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QuealioTU.- — (a) What is the result when a heavy soil ia plowed too wet? 

(o) Why is clay called plastic? 

(c) Why does not the a&nd ball harden like the clay? 

id) What has happened to make the clay ball become ao hard on drying 
(Look up "puddled soil" in index.) 

To Study the Effect of Freezing and Thawing on a. Puddled Soil. — Piv 
cedire. — Thoroughly moisten the hard clay ball obtained in the previous 
exercise, and freeze it if the weather is cold, or use a treeiing mixture. Place 
the frozen ball in the sun to thaw out and (try. Note results. 

QuealUm^, — Explain why it is good to plow a hard, lumpy soil in the fall. 

To Determine the Effect of Salt When it is in Contact with Planted Seeds. 
—Procedure, — Fill a, one-gallon crock with moist loam and plant 4 kernels each 
of com and oats. On the first pair of seeds (com and oat) do not put any salt; 
on the second one pinch; on the ttiird two pinches; and on the fourth three 
pinches of salt. Cover with soil and observe results. Water when necessary. 

Questions. — (a) In what ways does salt affect a germinating seed? 

(6) Of what importsjice is this fact to farmers? (See text.) 

To Note the Effect on a Plant of Growing it in Darkness. — Procedure. — 
Plant com and beans in each of two one-^jallon crocks. Water both, and keep 
at the same temperature. Keep one in the greenhouse and the other in a dark 
room. Allow tlie plants to grow for 2 to 3 weeks and then test the leaves for 
starch with tincture of iodine. (A blue color indicates the presence of starch.) 

Questions. — (a) What did the plants in darkness live on? . 

(6) Why is there no starch in the leaves of the plants grown in darkness? 

(c) Why are the plants grown in the darkness white? 

id) What is necesary in the manufacture of starch by the plant? 

(e) Why is it difficult to obtain a test for starch in the green leaves early 
in the mormng? 

To Note the Effect of Color, Water and Soil Texture on Oie Temperature 
of Soils. — This exercise may be set up and students observe results. 

Procedure. — Fill 12 one^allon crocks within one-half inch of the top as 
iitdicated below. Pack the soils uniformly and carefully, and have crocks 
filled to the same mark. This is to be done one day. Set tae prepared crocks 
where the sun will not strike them and where aO will remam at the same 
temperature till the next day. Avoid steam pipes. 

No. l.~FilI with water. 

No. 2. — -Dry fine sand. 

No. 3. — Moist fine sand. 

No. 4. — Dry fine sand with H inch of ground muck on surface. 

No. 5. — Dry fine sand with ^ inch of powdered slaked lime on surface. 

No, 6. — Drj^ silt loam. 

No. 7.- — ^Moiat silt loam. 

No. 8. — Wet silt loam. 

No. 9. — Black sandy loam (dry). 

No. 10. — ^Light colored sandy loun (dry). 

No. 11. — Moist fine sand vrith surface at ri^bt angles to sun. 

No. 12. — Moist fine sand with surface slanting awav from sun. 

Put thermometers which were previously tested lor uniformity in the 
crocks BO that the bulbs are 1 }^ to 2 inches below the surface. Do not have the 
soil cover them above the 20° mark. Put all the thermometers in at the same 
time and read them as soon as they have had time to register. Record results. 
Place the crocks in the sun with one side on a strip of board to incline the sur- 
faces somewhat toward the sun. (Remember that 11 and 12 have special treat- 
ment.) Read the thermometers every 20 minutes for 2 hours. Record results 
in tabular form as follows: 
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SOIL AN IMPOHTANT FACTOR 

Temperature 



TTMtmsnt 


Start 


annin. 


Wmin. 


60 min. 1 SO min. 


100 min. 


120 min. 


Water only 

etc. , . . 

















Sieitwne. — (a) Whv doea dry eoil heat quicker than wet eoil? 
) Why does Band neat quicker than silt bam? 
(c) Why are northern aiopes preferable for orchards? 
{d) Give four reasons why a water-lo^ed eoil will not warm up bo readily 

as a well-drained soil. 

(«) How can a farmer aid a low, wet field to warm up quicker in the spring? 

(f) N^me tUe factors that influence soil temperature. 

Field Studies. — Become familiar with the meaning of tilth and eeed bed 

by obaerving soil condition in several selected fields- 
Note the temperature of certain well-drained soils, sandy soils, heavy 

soils, peat and muck, poorly drained soils, and soil on south and north slopes. 

QUESTIONS 

1. Name the periods in the life history of a plant. Throughwhatperiodsdoes 

it pass in contact with the soil? 

2. Why is it important to have favorable conditions aurrouoding a planted 

seed? Wliat are these favorable conditions? 

3. Can a farmer ever help to crcat« more favorable temperature conditions 

for seed germination and plant growth? How? 

4. What is meant by tilth? Good tilth? Poor tilth? Illustrate. 

5. Does good tilth imply a rich soil? 

6. What is the relation between the absorption of wat«r by seeds 

and germination? 

7. Name factors influencing rate of water absorption by seeds. Discuss each 

8. Which is the period of greatest activity in the hfe history of a plant? 

Name these activities. 

9. How mav a plant be compared to a factory? 

10. Name tne requirements and conditions necessary during the growing 
period of a plant. How do these requirements compare with thoae (tf 
the germinating period? 

It. Discuss temperature in relation to crop growth, 

12. What is the importance of permeable soil in relation to the growth and 

vigor of voung plants? 

13. What is the importance of good tilth as regards the seed and the 

young plant? 

14. Kxplain now texture, structure and moisture content of soils affect the 

development of good tilth through cultivation. 

15. Why is it good to plow a hard, lumpy soil or a heavy clay in the fall? 

16. What is meant by availability of the plant-food elements? 

17. What becomes of the carbon taken in by plants? Of the nitrogen? 

Of the sulfur? 

18. What seems t« be the function of calcium in plants? Of magnesium? 

Why do plants need iron? 

19. Give mree reasons why_ it ia important to have a good auppiy of available 

phosphorus in the soil. 

20. Explain whv com, sugar beets and potatoes require much potassium. Do 

alfalfa and clover crops need much potassium? Why? 

21. What are the requirements of a plant in the fruition period? 

22. For summary of Chapter V see the table of contents. 
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CHAPTER VI 

CROPS AS FEEDERS ON THE PLANT-FOOD ELEMENTS 
IN THE SOIL 

The elements most commonly studied in relation to crop pro- 
duction are nitrogen, phosphorus, potassium and calcium. These 
four will receive careful consideration in further study. All crops 
are feeders on these important elements and hence they remove 
from the soil varying amounts. In this respect a soil actually 
^es up a part of itself in producing crops. 

Soil Particles Are Not Plant Foods. — It was thought at one 
time that crops consumed or digested soil grains, especially the 
finest ones.' This thinking led some of the veiy early agricultural 
writers to advocate the reduction of soil to very fine dust so as to 
enable plants to obtain the amount of soil sufficient for good yields. 
It was an idea similar to this, no doubt, that gave to the word 
"manure" its original meanings, viz., "to till" and "to work 
by hand." 

Forms in Which Plants Secure Their Elements. — ^We have 
learned that plants secure the elements they require in the form of 
carbon dioxide, water and soluble salts. The soluble salts are 
derived largely through the decay of organic matter and the 
mineral soil p^icles. 

Amount of Elements Removed From Soil by Crops. — The 
accompanying table gives the amounts of nitrogen, phosphorus, 
potas^um and calcium removed by the more common crops. 
These amounts are based on crop yields that may be secured 
on a productive soil. The amounts contained in the grmn, 
stalk and straw are ^ven where called for. These figure repre- 
sent the averages of many himdreds of crop analyses made in 
many laboratories. 

It is to be observed that it requires approximately a pound of 
nitrogen to grow a bushel of oats or barley, and about one and one- 
half pounds per bushel of com (Fig. 25.) 

A fifteen-bushel wheat crop would take from the soil about one- 
half the amounts removed by a thirty-bushel crop. The draft 
made on the elements by a seventy-eight-bushel com crop would 

1 Jethro Tull'a theory— England, 1730. 
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CROPS AS FEEDERS 

Plant Food Elements Removed by Harvested Cropt 

(Pounda per aore per year) 



Crop. 


Yield 
pec acre 


■'■sr 


''-^)- 


-"•sr" 


C,Ic.W 




Stone 
40 bu. 

Iton 


it' 

11.2 


23.6 

7.1 
1.6 


185.0 
11.8 
19.9 




















46.5 


8.7 


31.7 










Beet, sugar (roots) 

Blue grass (Kentucky) . . . 

Buckwheat, grain 

Buckwheat; itraw 


15 tons 
2 tons 
30 bu. 
Mton 


78.0 
53.2 
21.8 
12.5 


10.5 
9.4 

5.5 
0.85 


79.5 
70.0 
7.3 
14.1 


ao 

12.0 
0.3 
10.3 






34.3 


6.35 


21.4 










Cabbage (heads) 

Clover hay, medium red. . 

Clover hay, alsike 

Clover hay, Japan 

Com, gram 


ISUins 
2 tons 
2 tons 
2 tons 
65 bu. 
15i tons 
900 lbs. 


105.0 

(80.0) 
(77.6) 
59.0 
33.0 
3.0 


9.2 
6.8 
12.0 
18.0 
9.1 
6.8 
0.3 


72.0 
54.0 
67.5 
68.8 
12.0 
40.0 
4.0 


36.0 
61.6 
39.2 
40.5 
0.7 
12.2 




0.1 










95.0 


16.2 


56.0 


13.0 










12 tons 

500 Iba. 
1000 lbs. 


81.6 

■ 1.5 

31.S 


16.7 
0.3 

5.7 


87.5 
2.5 

9.6 






0.6 














33.0 


6.0 


12.0 


2.4 










2 tons 
15 bu. 

0.9 ton 


(124.0) 
30.4 
20.6 


16.4 
5.5 

1.6 


137.0 
6.6 
15.6 






2.0 


ETax, etraw 


9.3 






51.0 


7.0 


22.2 


11.3 








SlSi^SS„,...: 


3 tons 
3 tons 
50 bu. 

IJ^tons 


20.0 
80.0 
31.7 
14.5 


4.0 
9.5 
5.6 
2.4 


44.0 

107.0 

7.4 

31.1 


30.0 
16.2 














46.2 


8.0 


38,5 










Onion (bulba only) 


500 bu. 
20 bu. 

IMtons 


60.0 

44.0 
30.0 


11.0 
4.5 

2.S 


52.0 
10.1 
26.4 


31.0 










Peas, total crop 




(74.0) 


7.0 


36.6 


44.3 



a loM of elementu, wpedBlly 
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RELATION BETWEEN ELEMENTS AND NUTRIENTS 



Crop. 


Yield 
peracrs 


•"sr 


Phc^oru. 


Potuaium 
<K) 


Csldum 

(C») 


Peas, greea, total crop. . . 
Potatoes, Irish (tubers). . , 
Potatoes, sweet (tubers). . 
Rye, gram 


7.5 tons 
200 bu, 
200 bu, 
25 bu, 

IJitons 


(85) 
42.0 
35.0 
26.5 
12.0 


7.2 
6.3 
5.0 
4.5 
3.0 


36.0 
53.0 
51.0 
6.6 
16.4 


56.0 
2.4 

* ' 6.5 










38.5 


7.6 


23.0 


60 










30 bu. 

1 ton 


70.0 

35,0 


7.1 
5.4 


24.6 
32.7 
















(105) 


12.5 


57:3 












2tOll8 

1500 lbs. 

1250 lbs. 


41 "o 
26.0 


5.4 

2.7 
2.5 


45.0 
59.0 
33,0 




Tobacco, leaves " 


41.0 










S7.0 


6.2 


92.0 










Turnips (roots only) 


15 tons 

30 bu. 
l.etorw 


60.0 

35.6 
16.0 


13.0 

6.8 
1.8 


72.0 
7.9 
19.6 


15.0 
07 














61.6 


8.6 


27.5 


5.0 









be approximately one-fifth greater than that made by a sixty-five- 
bushel crop. Id this way we can estimate the amounts of the 
elements removed by various yields. 

The greater the yields the heavier the draft upon the soil. 

The figures in parentheses in the nitrogen column indicate the 
total nitrogen content of the legume crops. Much of this nitrogen 
is gathered from the air by means of bacteria in the nodules on 
their roots. 



Distribution of tie Elements in Plants. — As a rule more nitro- 
gen is contained in the grain than in the stalk or straw. Phosphorus 
goes lai^ely into the grain — the potassiimi and calcium into the 
stalk, straw and leaves. Calcium is found largely in the leaves. 

Relation Between Elements and Nutrients. — Crops which 
utilize large amounts of nitrogen are rich in protein. (Compare 
the precedii^ table with the table of nutrients in the appendix.) 
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64 CROPS AS 

Crops requiring Isi^e amounts of potassium are usually rich 
in protein or carbohydrates. 

Crops which require much calcium are rich in protein — alfalfa 
is a good example. 

Crops Vaiy in Their Needs of Haat-food Elements. — Crops 
vary in their requirements of the important elements. Cabbage, 
sugar beets, tobacco, alfalfa and com are some of the 



PiQ. 25. — A anil actiuUr nves up a put of i(a«1t in praduaiac crop*. All crops remoTe 
nitrogen Had mineral elementa from the soil. 

Wheat requires more nitrogen and phosphorus per bushel than 
oats. It is interesting in this connection to mention that wheat 
stands up much better on a comparatively rich soil than oats. 

It is better to grow such crops as potatoes, corn, sugar beets 
or cabbage on land heavily manured or rich in nitrogen than to 
attempt to grow oats. Under such conditions an oat crop lodges 
badly. It is difficult to prevent lodging of grains on some soils. 

Lodging of Grains. — Lodgii^ is explained on the theory that 
the crops do not secure nitrogen and the mineral elements in the 
proper proportion. A lai^e amount of easily available nitrogen, 



sdbyGoO^lc 



TIMOTHY NOT A "SOIL ROBBER" 65 

tx^ether with a comparatively low amount of available miaeral 
elements in a soil invariably causea lodging of small grains. Too 
much nitrc^en produces rank growth, much leaves and weak straw. 
It is not easy to overcome such conditions. It is good farm practice 
to try to prevent such conditions by maintaining in the soil a good 
supply of easily available mineral elements as well as a good nitro- 
gen supply. 

Alfalfa a " Heavy Feeder." — Much is said concerning alfalfa 
as a great soil enricher. Many believe that it takes only a small 
amount of the elements from the soil, and that somehow the more 
alfalfa is raised the richer the soil becomes in every respect. The 
fact is that in a year a five-ton alfalfa crop removes from the soil of 
one acre five and one-half pounds more phosphorus, one himdred 
thirty pounds more potassium and one hundred sixty-eight pounds 
more calcium than a sixty-five-bushel com crop. It is not sur- 
piiaing, therefore, thatalfalfa should require a rich soil, and that it 
fails on a poor soil. 

It is believed by some that alfalfa draws most of the mineral 
elements from the deep subsoil. In deep and porous soils con- 
siderable phosphorus and potassium, no doubt, is brought up from 
the deep subsoil; but in a soil having a heavy, silty clay or clay 
subsoil b^pnning a few inches below the surface it is doubtful 
that very much available mineral element is present to be ab- 
sorbed by the deep alfalfa roots. The fact remains, however, 
that when the seven or eight inches of surface soil is poor, 
alfalfa cannot be grown successfully without heavy fertiliza- 
tion. The reason for this is explained in the fact that most of 
the fibrous, feeding roots are to be found in the surface soil. The 
roots which penetrate the deep subsoil secure a good water supply 
for the alfalfa. 

In one respect the growing and feeding of alfalfa on the farm 
does enrich the soil, viz., in nitrogen. This can be said of 
all legiunes. 

Timotiiy Not a " Soil Robber." — It is a conmion belief that 
timothy is "bard on the land." In studying the preceding table, 
we observe that this crop does not draw heavily upon the soil. 
No doubt timothy got its mean reputation in this manner: When 
a field no longer will grow profitable crops of grain or com as a 
result of exhaustive cropping, it is seeded with timothy, because 
it is usually a sure crop, not easily killed out, and it may be grown 
several years on such land without much attention being given to it. 
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66 CBOPS AS FEEDERS 

Because its draft upon the soil is comparatively light and since it 
is able, because of its well-developed root system, to draw the 
last trace of available elements from the soil, this crop yields from 
fair to good even though the soil is too poor for other crops. In 
time, however, even timothy will yield poorly. The sod is plowed 
up, and if not manm^, the crops on this poor timothy sod are 
scant. Farmers have often observed that when a field is sown 
half to clover and the other half to timothy, and both sods are 
plowed, manured and planted to com, the com on the clover sod 
is much the better crop. Since these facts have been generally 
observed, it is inferred that timothy must be a "soil robber." 

It ia true, nevertheless, that clover is a much better crop to 
grow because of its higher feeding value, and because it can gather 
nitrogen from the air by means of bacteria that live in the nodules 
on its roots. 

Some Hants Have Strong Feeding Poweis. — It has been 
demonstrated that some crops, better than others, can secure their 
requirements of mineral elements from insoluble substances in 
the soil. Buckwheat, for example, can secure its need of phos- 
phorus from soils low in available phosphorus better than oats, 
com or millet. Perhaps this explains why buckwheat does so well 
on poor or exhausted soils, and why it b a good crop to grow to 
plow under as the first step in the improvement of such soils. 

In general, a plant that can grow well on poor soU may be 
regarded as having a strong feeding power, while a plant that can 
not grow well except on a very rich soil may be regarded as having 
a weak feeding power, 

Baiiey Requires a Richer Soil Thaa Oats. — When we compare 
the amount of the elements required by average good crops of 
barley and oats, we find but little difference. A soil capable of 
producing forty bushels of barley per acre would easily produce 
from sixty to sixty-five busheis of oats. In that case the oats 
would draw heavier upon the soil than barley. Nevertheless, it is 
generally- recognized that a richer^ soil is required to grow common 
barley than oats. For an explanation we must study the habits 
of these two crops. 

Barley does not develop so extensive or deep a root system as 
the oat, and hence draws on less soil for its needs. It also has 
a weaker feeding power and it matures earUer. Thus barley 



sdbyGoOglC 



FERTILIZER NEEDS BEST DETERMINED BY TESTS 67 

must get its necessary amount of plaut-food elements from 
leas soil with less ease and in less time than oats. A richer 
soil, therefore, is necessary for barley to enable it to secure 
its requirements. 

Fertilizer Needs Best Detennined by Tests. — Since the table 
gives the amounts of the important plant-food elements actually 
contained in crops harvested, it is useful in showing the draft that 
harvested crops make on soils. The figures are not to be taken to 
indicate exactly how much and in what proportion the fertilizing 
elements, in the form of fertilizers, should be supplied to crops 
growing on any particular soil. The only sure way to determine 
the fertihzer needs of any crop on a particular soil is by fertilizer 
tests — for the following reasons: 

1. The condition of the soil with respect to the "availability" 
of the elements is difficult to determine by chemical analyses. 

2. The feeding power of certain plants may not be well 
understood. 

3. Some plants vary in their chemical composition and hence 
in their requirements of some of the elements at different stages 
in their growth. Com and potatoes, for example, contain the most 
potassium when well matured, while wheat contains the most 
when just heading out.' Thus the potassium content of a com 
crop when cut is a very good index of the potassium needs of corn, 
whereas the potas^um content of a harvested wheat crop does not 
indicate the true potassium requirements of that crop. 

It has been found that a turnip crop requires much more phos- 
phorus during its growth than is indicated by its chemical compo- 
sition at harvest time. 

4. Some harvested crops consist of the entire growth, while 
others consist only of the edible or usable portion. This fact must 
be remembered when the table is studied. For. example, in com- 
paring a twelve-ton com crop and a fifteen-ton sugar beet crop, 
it would appear that the com crop is the greater feeder on all the 
elements. The com crop consists of the entire growth; the sugar 
beet crop only the marketable roots. In case of the fifteen-ton 
beet crop at least 6.2 tons of green leaves and tops are left on the 
field, containing about forty pounds of nitrogen, 6.5 pounds of 
phosphorus, 12.5 pounds of potassium and 30.5 pounds of calcium. 
Thus to grow a fifteen-ton sugar beet crop the soil on each acre 
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must give up one hundred eighteen pounds of nitrogen, aeven- 
teen pounds of phosphorus, ninety-two pounds of potassium and 
38.5 pounds of calcium. 

In case of a fifteen-ton cabbage crop, at least eleven tons of 
material are left on the field. Thus a fifteen-ton cabbage crop 
requires for its production approximately one hundred eighty 
pounds of nitrogen, sixteen pounds of phosphorus, one hun- 
dred twenty-five 
pounds of potas- 
sium and sixty- 
two pounds of 
calcium. 

In case of 
hemp, it would 
seem that a soil 
needs to give 
up only small 
amounts of the 
elements to pro- 
duce a good crop, 
and that it ought 
to grow well on 
poor soils. On the 
contrary, it re- 
quires a fertile soil 
^ to grow a good 
* crop of hemp. 

Root Systems 
D of Crops Differ.— 

FlQ. 2S.— Root-haira are the absorbing portion of plant SomC plantS have 

™"oi-S™o™'iitSS°pSnu?wi\"Mi"^'heriif M^^ extensive and well 

removed. B, rool-lmiiB ol wheat, when very young, and four HnifolnrwiH rr,ftt mr 
weeks Uler, {After Saehs.) QCVeiOpea TOOt Sy- 

stems enabling 
them to draw plant-food elements and water, particularly, from 
large volumes of soil (Figs. 26 and 27). Com and alfalfa are typical 
examples. Such crops as onions, cabbage and beets have much 
less extensive root systems. 

It is the nature of some plants to develop fibrous and much 
branching root* largely in the tilled portion of the ground — these 
are commonly called shallow rooted plants. 

Farm Plants are Interestii^ Subjects for Study.~~In the 
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preceding paragraphs the importance of plant study ia emphasized. 
If anyone wishes to grow any kind of a crop most successfully 
he should become familiar not only with the best cultural methods 
in growing it, but, as far as possible, with all its habits and charac- 
teristics as well. 



Fro. ST. — The TOOt-hair in the Boil. 



ih. root'hair; e, portion of m 
water film. (After Sachs.) 



naut-food Elements Removed by F^t Crops. — It is of interest 
to note the amounts of elements removed from the soil by some 
of the conunon fruit crops. The following table has been prepared 
from all available data : 

Plant-Food Elemenia Removed by FruU Crops 
(Pounda par acre) 



Fniiti 


uinSSlXld 


trees 
per acre 


N.™p 


""«""■ 


Potauium 
(K) 


Calcium 
(C»> 


Apple*. 

Cherries 

Peaches 

Peare 

Plums 

Raspberries. . . 
Strawberries. 


lOObblfl. 

(300 bu.) 
300 cases 
(150 bu.) 

450 bu. 

600 bu. 
■ 260 bu. 
3000 qts. 
6000 qts. 


50-100 
108 
100 

75 
100 


13.8 

16.0 

19.2 
10.2 
21.7 
10.0 
13.5 


2.0 

2.6 

4.1 

1.6 
3.6 
1.7 
4.5 


14.5 

1G.6 

32.7 
19.1 
25.7 

10.0 
22.5 


1.0 
1.0 

1.7 

1.8 
2.0 

0^6* 


•Stnobem 


■ need but lit 


tie olduo, 


even in leaf 


and stem de 
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CROPS AS FEEDERS 



Fruit cannot be produced without the fonnatioa of leaves and 
new wood. This requires additional amounts of the plant-food 
elements — between twenty and fifty pounds of nitrogen, two to 
foiu pounds of phosphorus, ten to twenty-five poimds of potassium 
and twenty-five to eighty pounds of calcium per acre. 

THE SUPPLY OF NITROGEN, PHOSPHORUS AND POTABSTUM IN SOILfl 

Having studied the draft that crops make upon the important 
elements of the soil, let us now consider the soil reserve or supply 
of these elements. Since calcium and lime are fully discuseed in 
relation to acid soils in Chapter XIII, our attention here is directed 
to nitrogen, phosphorus and ixitaasium. 

Supply Varies in Different Soils. — It is to be expected that 
chemical analyses should show great vEiriations in the amounts 
of nitrogen, phosphorus and potassium contained in different classes 
and types of soils mentioned in Chapter II (Fig. 28). The amounts 
of these elements in any particular soil expressed in terms of per 
cent mean nothing or very little to the average person when he 
has no standard for making comparisons. 

Simple Standards for Comparing Soils. — The following table, 
based on the averages of many analyses, will be of much help to 
the beginner in judging soils of similar classes and types when 
only chemical analyses are given. 







Percent 


Pounds per acre 7 incbw deep 




Nitrogen 


^%- 


Potsauum 
(K) 


NitjJ^en 


'"i^r-" 


(K) 


Productive siit 
loam or clay 
loam 

Poor sand 

Muck (average) 

Peat {weU de- 
composed) . . . 


0.25 
0.08 

1.00 
3.00 


0.1 
0.02 
0.1 

0.12 


2.0 
0.5 
0.7fi 

0.3 


5,000 
2,000 
10,000 

15,000 


2,000 
500 
1,000 

600 


40,000 
12,500 
7,500 

1,500 



Some soils may be rich in one or two of these elements and poor 
in others. 

It is not to be inferred that a silt loam is not a productive soil 
unless it contains at least one-quarter of one per cent nitrogen, 
one-tenth of one per cent phosphorus and two per cent potasdum. 
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There are many productive silt loams that do not contaia such 
reserves as here represented. It is well, to be sure, to possess a 
farm of silt kiam having a supply of plant^food elements at least 
equal to that ccaitained in an average, productive silt loam; or a 
sandy farm having soil analyzing much better than a poor sand. 
And it is more encouraging to possess peat that analyzes 0.15 
per cent phosphorus and 0.5 per cent potassium than it is to have 
peat containing 0.07 per cent phosphorus and 0.2 per cent potas- 
sium. The cropping possibilities of a soil are greater when the 
supply of plant-food elements in it is good. 

Per Cent not die Best Basis for Comparing the Supply of Plant- 
food Elements in Soils. — When we compare the per cent in the 
table on page 70, we see that average peat contains twelve times 
the amount of nitrogen contained in a productive silt or clay loam; 
but when we compare the amounts in pounds per acre seven inches 
deep, we find the comparison to be only three times. It is to be 
further observed that peat shows a higher per cent of phos- 
phorus than silt loam; but in an acre seven inches deep of peat 
there are only 600 pounds of phosphorus while in a silt loam there 
are 2000 pounds. The explanation of this lies in the fact that 
soils vary a great deal in weight. In round numbers an acre of 
each of these soils seven inches deep weighs when dry as follows: 



Peat Soils are Deficient in Potassium and E%osphorus. — In 
comparing the supply of plant-food elements of soils on the " pounds 
per acre" basis, we observe that peats are abundantly suppUed 
with nitrogen, but are deficient in potassium and phosphorus 
(see Chapter IV). We can now fully understand why these soUs 
require mineral fertilizers, viz., potash and phosphates. 

Peat Lands are Sometimes Deceptively Advertised. — To him 
who is unfamiliar with soils, a comparison of the per cents of the 
plant-food elements contained in them seems a reasonable basis 
for judging their agricultural values. A drained peat analyzing 
three per cent nitrogen and 0.1 per cent phosphorus may seem 
to him as good if not better soil than a prairie loam analyzing 0.26 
per cent nitrogen and 0.08 per cent phosphorus. Such a compari- 
son is often used in advertising peat lands. It is well, therefore, 
to secure full information before investing (Fig. 28), 

Subsoils Contain Hani-food Elements. — It is important to 
bear in mind that subsoils also contain the important elements. 
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Id general, the surface soil contains more nitrogen than the Bubsoil, 
owii^ to the presence of more organic niatter. Some deep, black 
soils may have as high a percentage of nitrogen in the subsoil 
(to a limited depth) as is contained in the surface stratiun. 

The percentage of phosphorus in the surface layer is conmonly 
greater than or equal to that contained in the subsoil. There is 
often a close relationship between the phosphorus content and the 
amount of organic matter in mineral soils. This accounts for 
the higher phosphorus content of the upper strata. During the 
virgin state the roots of grasses and other plants brought up 
considerable phosphorus from the subsoil from a depth of about 



datlons 

Boils. 

The new analysis, as compared with the 
average of 100 fertile soils of Illinois, shows 
as follows and shows better than our own 
original analysis: 

Average Average 
% Wis. % lU. 

Nitrogen ;.1.2S .30 

Potash 75 .25 

Phosphates U .24 

The repf^ ~ ^ 

of tl>'^^ 



I. This putiou 

two or three feet, and this became stored in the organic matter 
accumulated in the top soil. On exhaustive cropping, the higher 
phosphorus content of the surface soil is gradually reduced unUl 
it equals at least the percentage contained in the ^bsoil. 

The potassiimi content is usually greater in the subsoil, espe- 
cially when they are fine textured. More potassium is foimd in 
subsoils in humid climates because of the presence of more fine 
particles which are not only richer in potassium than the coarser 
surface particles, but which absorb much of the potasdum leached 
down from the surface stratum. 

In arid and semi-arid soils the phosphorus and potassium con- 
tent of the sirface soil is very much the same as that of the subwilr 
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Since roots extend into the deeper layers of soil, the subsoil is 
to be regarded as a portion of the feeding ground for crops. Sub- 
soils which are porous, permiting air to enter freely, may contribute 
considerable amounts of plantr-food elements to crop needs. The 
fact that in humid climates most feeding roots are to be found 
in the tilled portion of the ground, especially in the heavier soils, 
explains why the draft upon the surface layer is much greater. 

ExercUes.^Compare an averse yield of one of your local crops with 
the table of plant-fooa elements removea, and detennine; the amount and value 
of plontr-fooa elements removed from one acre. 

2. Minor crops may be considered also. 

Projects in Crop AdaptatiiHis. — On a pven field lay off small strips along 
one side where the soil is probably of average fertility. On these strips grow 
several useful crops as oats, barley, rye, wheat, buckwheat, millet, sorghum, 
com, cowpeas, soybeans or others. Compare them in growth, yields, and study 
their probable needs. Keep careful records and notes and from the trials 
determine what crops are best suited to the soil. 

Buckwheat Project- — TVy the growth of buckwheat on poor soil and thus 
decide whether it would aid in production of green manure for the improvement 
of that soil. 

Projects on Poor SoiL — Compare the growths of barley with oats on 
poor soil. Determine which requires the richer soil for good returns. 

2. In like manner compare Darley with rye, and compare oats with rye. 

3. Any one of these as barley (or other crops) should be grown on both 
md poor e ■" 
■ieldStud 
B badly. 

2. Collect whole planta of a number of grasaes, legiuneB, grains, etc. 
Compare their root systems to determine tlus depth of feeing. 

QDEsnons 

. ,_ . — ._ e time? 

3. In what forms do plants secure the elements they require? 

4. How much nitrogen, phosphorus, potassium and calcium is removed from 

one acre by a 66-bu8hel com crop? By a 50-bushel oat crop? 
By a 1500-paund tobacco crop? Wnich of these crops require the 
most calcium? 

5. A man grew the foUowii^ crops on an acre: let year, cabbage yielding 

15 tons; 2d year, com yielding 12 tons; 3d year, barley yielding 40 
bushels. How many pounds each of nitrogen, phofn>horua and potas- 
man were removed from that one acre during those three years? How 
much if there were 20 acres? 

6. A ten-acre field was cropped three years as follows : Ist year, sugar beets 

averaging 12 tons per acre; 2d year, wheat averagii^ 25 bushels: 3d 
year, com yielding 52 bushels per acre. How many pounds of eadi of 
the important elements were removed from this field during these 
three years? 

7. How much nitrogen is required to grow a bushel of com? A bushel of oats? 

8. In what part of crope is found the most phoqthorus? The most potaseium? 

The most calciuin? 
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9. What per cent of the total phosphorua in a wheat crop is lost to the soil 
on toe faun when wheat is sold? What per cent of the potaBHiuin is aold? 

10. What is the relation between the nitroRea TeguiremeDt and the protein 

content of rawps? Illustrate. What relation is there between the carbo- 
hydrate oont^t and the potassiuni requirement of cropeT 

11. Name s(»ne crops that draw neavily upon the plant-food elements. What 

are the elements required by tobacco in large amounts? 

12. A farmer says that wheat stands up better than oatfi on a field fonDerly 

a hog pasture. Explain why. 

13. When grain loth^ badly what crope should be grown instead? 

14. What causes lodging of grain, and now may it be prevented? 

15. Discuss alfalfa growing in relation to poor soil. 

16. Is timothy more of a "soil robber" than oats? What do you think of 

tobacco as compared with com in this respect? 

17. Why can buckwheat and rape grow very well on poor soils? What indi- 

cates a strong feeding power in some plants? Weak feeding power? 

18. Explain whv barley requires a richer soil than oats. What is the meaning 

iM "rich soil? 

19. How can the fertilizer needs of any crop on any soil be best deter- 

mined? Why? 

20. Construct a table showing the amounts of "N," "P," "K" and "Ca" 

required to grow a 12-ton corn crop, a 15-ton sugar beet crop, a 15-ton 
cabbage crop and a 300-bushel apple crop. (See tables.) 

21. How do the root systems of crops differ? 

22. What are root hairs? Explain their function (Figs. 26 and 27). 

23. What knowledge is necessary to grow a crop most successfully? 

24. What is the mtrogen, phosphorus and potassium content of an average 

productive silt loam, expresed in per cent? What can you say of tne 
cropping possibilities of soils well suppUed with plant^tood elements? 

25. Why IS not the per cent basis the best for comparing the tunount of plant- 

food elements in soils? 
26._ Why do peat soils reauire potash and phosphate fertiliters? 

27. How may peat lands be deceptively advertised? Illustrate. 

28. Tell of the nitrogen, phosphorus and potassium contained in subsoils. 

29. What colors of soil and of subsoil have 3^u seen? 

30. See outline summary of this chapter in table of contents. 
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CHAPTER VII 
CROP PRODUCTION AND SOIL FERTILITY 

Factors in Crop PtoductioQ. — Successful crop production 
depends upon five factors, viz.: 

(1) Futile soil. (2) Good seed. (3) Favorable temperature, 
(4) Light. (5) Protection from injury. 

Fertile Soil. — Good soil is a fundamental factor. Not only 
should the soil be well drained and cultivated, but it should possess 
all the qualities, properties and conditions which impart to it pro- 
ductive power. The adjective "fertile" is commonly used in 
describing such a soil. 

It is not always possible to select fertile soil. Sometimes only 
a portion of a farm is productive. Sometimes the soil of a farm is 
sand, sometimes peat, and sometimes it consists of several kinds, 
rich and poor. Happily it is within the possibilities of any thinking 
farmer to transform a poor or unproductive soil into a productive 
one; and he is a public-spirited man, indeed, whose ambition it is 
to bring about such a transformation. 

What Makes a Soil Fertile. — The qualities, properties and 
conditions wiiich impart productive power to a soil are as follows: 

(a) A SuiUAle Moisture Supply. — Without water nothing can 
grow. Many lands have been turned from deserts into gardens 
just by the addition of wat«r through Irrigation. Very frequently 
crops even in humid climates and on good soil are much reduced, 
or fail entirely because of drought. Sometimes there is too much 
water in the soil — for this reason wet lands must be drained 
before they can be made to grow any crop at all — excepting 
wild hay. 

{b) Plenty of Air in the Soil. — Air in the soil te essential to 
favor root growth, to favor the development of the helpful 
soil organisms and to enable the necessary chemical changes to 
take place, 

(c) Good Tilth. — It is important that the physical condition of 
the soil should be such as to enable the young plants to get the 
best possible start — to become quickly and firmly established in 
the soil and to favor their development (Chapter V). 

75 
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(d) The presence of helpftd soU organisms of which there are 
Beveral kinds; viz., bacteria which cause the formation of the 
nodules on the roots of legumes; bacteria, molds and fungi which 
help make plant-food elements available, and are helpful in other 
ways. Angleworms may also be mentioned in this connection. 

(e) A good supply of avaHable plant-food elemaUs from which 
crops may secure sufficient nitrc^en, phosphorus, potasaum, 
calcium, etc., to permit of good yields. 

(/) The absence of harmful ag^s in the soil, such as poisons; 
too much salt, suchasalkaU;oertaindiseases; too much water, etc. 

These factors are further discussed under "soil fertility," and 
in the following cliapters. 

Good Seed. — It is generally recognized that good seed is a 
factor of much importance. Poor seed in poor soil means miserable 
failure. Good seed in poor soil renders just as little, if not less, 
for labor tiiaa poor seed in good soil. But the best combination is 
good seed in good soil. 

The emphasis put on good seed in agricultural development 
today leads some to think that this idea is a product of the twen- 
tieth century. Not so. Early agricultural writings reveal the 
fact that the value of good seed was much discussed in the old 
countries hundreds of years ^o. The following quotation, taken 
from a book, "Way to Get Wealth," by G. Markham, printed in 
London in 1660, is interesting in this connection: 

". . . You ahal then take your Seed which would be the finest, cleanest, 
and best Wheat you can provide, and after the manner of good Husbandly, 
you ahal bow it on the ground very plentifully, not starving the ^und for 
want of Seed (which were a tyrannous penury) nor yet choaking it with too 
much (which is as lavish a foolery) but giving it the full due, leave it t« the 
earth and Gods blessing." 

Factors Involved. — In spite of the fact that much has been 
said and written in this generation about good seed, there 
are still many who fwl to give this factor any serious con- 
sideration. A high germination test is not the only indicsr 
tion of good seed. There is also involved a selection of size of 
seed, and for adaptability, purity, disease redatance, high yield 
and superior quality. 

Size and Weight. — There is a decided advantage in the use of 
large or heavy seeds over small ones, even though they may be of 
the same variety and all of high germination test. The Ontario 
Agricultural College (Canada) produced a seven-year averse of 
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Bixty-two bushels of oats per acre from lai^ eeed and only forty- 
seven bushels from small seed. Both the small and lai^ seed were 
selected from the same stock each year. 

Disease Resistance. — The Wisconsin Station has developed a 
variety of cabbage resistant to the disease of "yellows" (Fig. 165). 
Much work has already been done by investigators in developing 
disease-resistant plants. 

Seed Inqtrovement — The Cornell Station of New York has 
demonstrated a yield of 3.57 tons of timothy hay per acre with 
improved varieties as compared with 2.04 tons with ordinary 
timothy. The test was made on the same kind of soil and with seed 
of equally high germination test. This is a seventy-five per cent 
increase in favor of improved varieties. The quality of hay was 
also much bett«r. 

As a result of working on the increase and decrease in protein 
and oil content of corn, the DUnois Station developed from a single 
variety of com in ten years* time, one strain containing 65 per cent 
more protein than another, and a third strain containing 177 per 
cent more oil than a fourth strain. 

These are but a few of many examples illustrating the possi- 
bilities of good seed and the advancements that are being made in 
improving varieties. 

Favorable Temperature. — The temperature at which plants 
make their best growth varies with different farm crops. In 
diversified fanning there is no weather but what is good weather, 
since when it is unfavorable for one or two crops it is favorable 
for the others. A hot sun, though favorable for com, often causes 
injury to the Irish potato in "burning" the leaves (sun-scald). 
Cool and moist weatiier during the fore part of a growing season 
is favorable for grains, but unfavorable for com. Our poor com 
years are usually the result of cold, wet weather during the summer 
and fall months. Excessive heat and much dampness generally 
cause much dam^e to grains in favoring the development of leaf- 
and stem rusts. 

Since weather is beyond the control of man, except imder 
artificial conditions, the best that a farmer can do is to plant his 
seed at such time as to enable the respective crops to take advan- 
tage of the favorable temperature conditions. In this the farmer 
is guided in his activities largely by the average weather of his 
section or locality (Chapter V). 

light. — ^In Chapter V we learned that sunlight is necessary for 
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planta as the source of energy in the manufacture of foods. Under 
Geld conditions duration of light seems more important than inten- 
sity. Some plants require much sunlight while others do better 
when shaded. Crops which manufacture much starch and sugar 
require much sunlight. In order to increase the succulence and 
delicacy of such crops as asparagus, cauliflower, celery, lettuce 
and radish, they are sometimes grown under half-shade. In case 
of cauliflower more desirable heads are produced through shading 
brought about by bringii^ t^^ether and tying the leaves in the 
form of a bead. Shadii^ is employed in forcing rhubarb, in 
ginseng culture, and has proved of much importance in pineapple 
culture in Florida. 

The sugar beet is a crop requirii^ abundant sunlight together 
with plenty of moisture, especially during early growth. These 
conditions are found most favorable in the irrigated districts 
of the Rocky Mountain and Pacific States — hence in these 
districts the sugar content of beets is usually higher than those 
grown elsewhere. 

Shading a Factor in Weed Killing. — ^Many have experienced 
much difficulty or f^led entirely in trying to establish a lawn under 
heavy shade, even when all other conditions were favorable. Lack 
of sunlight under such conditions is the cause of failure. Weeds 
may be killed through the use of so-called "smothering crops." 
These are fast-growing crops which quickly rise above the weeds 
in thick growths, and in so doing shut out the sunlight from the 
weeds beneath. 

It is commonly observed that a field growing a cultivated crop 
after good clover or alfalfa sod is wcceptionally free from weeds, 
except when weed seeds have been introduced through maJiure 
application. The explanation of this lies mainly in the fact that 
the thick growth of clover or alfalfa killed the millions of small seeds 
which started to grow, mainly by depriving them of sunlight- 
Weeds May Smother Crops. — Many a seeding of alfalfa, or 
plantii^ of potatoes, for example, has produced no returns because 
weeds were allowed to get ahead of the young plants, and thus 
they were robbed of sunlight as well as of moisture and plant 
food elements. 

One Crop May Deprive Another of Sunli^t.— Lodged grain 
usually kills out the grass seeding. This killing is due mainly to 
the exclusion of sunlight. It is very important that seedings of 
clover and alfalfa, in particular, should not be entirely robbed of 
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sunlight by too thick growth of grain. Clover and alfalfa seedings 
are generally more successful when the nurse crops are not sown 
too heavily. A less amount of grain sown per acre enables the 
young seeding to get more sunlit. When nurse crops are drilled 
in a north and south direction, much more of the midday sunlight 
reaches the young clover or alfalfa, thus insuring a better stand 
of the hay crops than when the nurse crops are drilled east 
and west, or sown broadcast. This is especially true in the 
northern states. 

Protection From Injury. — A fanner may be defeated in bis 
plans for raising good crops if he fails to protect them, if need be, 
from injury by animals, birds, flood-water, weeds; from injury by 
insects, as beetles, worms and aphids which feed on the foliage; 
from damage through lodging (smothering the seeding) ; and injury 
by disea^B as smut, scab, blight, and if possible, by certain rusts. 
Proper fencmg may be an important consideration in protection, 
likewise poison bait for rodents and grasshoppers, spraying, 
treating grain and onion seeds for smuts and seed potatoes for 
scab, killing weeds by cultivation, getting rid of surplus water 
by proper dr^age, etc. 

SOIL PEBTILITY 

Productive soils are commonly described as "fertile," also pro- 
ductivity of such soils is most commonly referred to as "fertility." 

Before proceeding further it is important to have a clear idea 
of the meaning of fertility. In the first place the word "fertility" 
is but the noun form of the adjective "fertile," and hence carries 
the same general meaning. 

Soil Fertili^ Defined. — Fertility means "state or quality of 
being fertile; fruitfulness; productiveness." Soil fertility', there- 
fore, is to be interpreted to mean the power of a soil to produce 
good or large yields. 

To maintain soil fertility means to maintain productivity. 

To increase fertility means to increase the productive power of 
a soil, or to cause it to produce still bettor yields. 

A soil is said to have lost its fertility when it ceases to be pro- 
ductive, or when it no longer possesses the ability for producing 
goodyieIds(Fig. 29). 

FertiUty does not mean the ability of a soil for producing the 

■ E. J. Ruseell, Soil ConditioDS aod Plaat Growth. 
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highest possible yields. We can speak of degrees of fertility in a 
ramilar sense as degrees of richness, for example. 

Very fertile soil or very high fertility implies a very high pro- 
ductive power. Low fertility implies that the yielding power is 
not very good. "Infertility" means the lack of productive power. 

Fertility as applied to a soil in Wisconsin, for example, does 
not imply that that soil has the ability for producing good or high 
yields of all kinds of crops to be found in the world; but it has 
meaning only in relation to those crops grown in that particular 
climate or section. 



fertile because it dom not produce a 

Crops Indicate Fertility. — Crop growth is the only indicator of 
soil fertility, and the use of good seed is the only proper means in 
testing fertility. Since the requirements and adaptability of 
different crops vary, a soil may be fertile for one or several kinds 
of crops and not for another (Figs. 30 and 31) ; for example, a soil 
may grow excellent crops of clover, potatoes (Fig. 32), com, 
and grains, but fail absolutely to grow alfalfa, for lack of 
proper inoculation. 

Factors Detennioiog Fertility.— The factors which determine 
soil fertility are discussed in the first pages of this chapter. They 
may be thus enumerated as positive and negative factors; 
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Fio, 30.— A fertile 



Thifl pu-ticuJar loil ia 



Positive factors: (1) A suitable moisture supply in the soil. 
(2) Sufficient air in the soil. (3) Good tilth (Chapter V). (4) 
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Presence of helpful soil organisms. (5) SuiHcient available plant- 
food elements, nitrogen, phosphorus, potassium, calcium (carbon- 
ate of lime). 

A negative factor: (1) The absence of harmful agents in the soil. 



Fia. 32.— Having power loi muimum pioduc 
foUowiuz clover. A complete fertiliier was u> 

Soil Fertility Illustrated.— Fig. 33 mil help the student to 
gain a clearer idea concemiiig fertility. 

Let the tank represent a soil. 

The capacity of the tank for holding water represents fertility, 
or the power of the soil for producing a good or high yield. 

The staves which determine the water-holding capacity of the 
tank represent the positive factors which determine soil fertility. 

The tank being free from any leaks represents the negative 
factor, viz., the absence of harmful agents. 
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If all the Staves were as high as the concrete ades of the tank, 
the tank would then hold its greatest amount of water. If all the 
fertiUty factore were most favorable, the soil would have power 
for producing maximum yields. 

Just as the water-holding capacity of the tank may be limited 
by the shortest stave, so fertility or the productive power of a 
soil may be limited or brought to naught by one deficient element 
or an unfavorable soil condition. Thus it is possible for a soil to 




lose its fertility or productive power through the depletion or loss 
of a sii^le fertilizing element. 

Unfavorable Factors. — Many soils are unproductive because 
one or more factors are unfavorable. In case of drained peat, the 
common cause of poor crops, or failures, is the lack of potassium. 
This condition can be corrected throi^h the use of potash fertil- 
izers — or in terms in harmony with Fig. 33, the shortest staves 
may be lengthened by applying fertilizers carrying potassium. 

In many instances, poor yields and failures in growing alfalfa, 
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soy beans, beans, peas and other legumes may be due to no other 
cause than the lack of proper nodule-formiag organisms. In 
hundreds of cases soils fertile for com, potatoes, and grains, fail 
to grow alfalfa because of both ^ lack of calcium (carbonate of 
lime) and alfalfa nodule-forming organisms. 

On many long-cropped prairie soils deficient available phos- 
phorus is a common cause of low fertility and poor crops. 

Soil Exhaustion. — Some soib which were at one time productive 
are now regarded as exhausted, depleted or "worn out," because 



la (in baoksraund), l^'pLcaJ of the AppaJacliuui ai 



they no longer respond to cultivation as they formerly did {Fig. 34). 
An ^diausted or depleted soil implies that something has been 
used up or taken out of it. That "something" is commonly 
understood to mean the fertilizing elements; viz., nitrogen, phos- 
phorus and potassium. In some instances soil exhaustion may be 
attributed largely to the removal, mainly through cropping and 
leaching, of some one or all of the three named elements; not the 
removal of the "total" amount, for this is impossible, but the 
removal of the "available" supply. If no phosphorus, for example, 
were lost through leaching, it would require only about sixty years 
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of exhaustive cropping to reduce the total phosphorus supply of 
a fertile ^t loam one-half. 

The effect of eidiaustive cropping on the phosphoms supply 

is well illustrated in the following study of two pairs of soils which 
represent two different silt loams. In each case the "vii^in" and 
the "cropped" samples are the same soil; the one has never been 
under cultivation and the other has been subjected to exhaustive 
cropping for over fifty years. 

Effect QJ ExbautHve Cropping on the Phosphorue ConterU of Soils 
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The following is a brief outline of the history of these two soils : 

I. " Cropped axty years, lai^ly to wheat during the first ten 
or twelve years; then corn and oats; clover ten years. The land 
is now in a depleted condition." 

II. "Cropped sixty-three years. During the first thirty-four 
years wheat was grown almost continuously. Since 1878 it has 
been rotated to com, barley, oats and rye. It has never been 
seeded down or manured and is in a badly exhausted condition." 

Soil Exhaustion Not Confined to Just One Element orConditioQ. 
— Generally an exhausted or depleted soil is the result of seveml 
unfavorable conditions, which, acting together, brii^ about a 
state of infertility. All the fertility factors are necessarily affected ; 
and instead of their acting favorably for good yields, they act 
unfavorably and thus cause poor crops or prevent any yields at all. 
The fertility factors ' are unfavorably affected largely by the 
removal of organic matter, by the removal of available nitrogen, 
phosphorus and potassium, by the removal of available calcium 
in the form of cariwnate of lime, and by poor tillage. It is not 
always easy, therefore, to restore the original fertihty of a badly 
depleted soil. In many mstances it has proved a tedious and 
expensive undertaking. 
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Diagnosing Infertility. — Knowing the meaning of fertility and 
the factory determining it, any one can diagnoae a case of infer- 
tility or low productive power with a fair degree of accuracy, or 
gain an idea, at least, as to the cause of failure or low yields. A 
knowledge of the cropping history and past management of the 
soil in many instances will greatly aid in arriving at any definite 



Fia. 35. — Tbia crop yielded 75 biuh<^ of cora per ure. Rows were four feet apnrt 
sud hills in Uie rows thiee [set kput — one stalk in eacli hill. Tbe secret— «ach atslk pro- 
ducad s little leae than lH pounds of ear oorii. (Mississippi.) 

conclusion. For example, alfalfa failure on some soils may 
be due to do other cause than the absence of alfalfa nodule- 
forming organisms. 

The Secret in Growing Good CropB. — The secret of a good 
yield of corn consists in causing each stalk in the held to produce 
at least one good ear (Fig. 35). To attain this object a good fanner, 
because of experience, selects a workable and desirable soil, pre- 
pares a good seed bed, increases the richness of the soil by adding 
manure or commercial fertilizers, cultivates the growing crop as 
well as he knows how, and trusts to the weather for the rest 
(Fig. 36). 
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87 



When we analyze this method of procedure, we find that the 
farmer unconsciously brings into play the factors which determine 
fertility; in other words, his whole program centers on soil fertility. 
It is true in respect to growing a good yield of any crop. This 
emphasizes the importajice 
of soil fertility and explains f 
why so much study is given 
to it. 

Most Soils Can be Im- 
proved. — In the next six 
chapters we shall study in 
detml the several factors 
which determine fertility in 
their relation to soil im- 
provement and to the 
maintenance of fertility. 
There are very few soils 
that cannot be improved 
in some way. To maintain 
and increase soil fertility 
should receive the serious 
consideration of every 
farmer, because fertile soil 
is the basis of a successful 
and prosperous agriculture. 
It is, indeed, a patriotic 
duty of every farmer to 
maintain the fertility of his 
soil, and to pass his land on to his children, or fellow farmers in 
as good if not better condition than when it came into his hands. 
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Ezerciaes With Seeds. — With the use of a hand lens examine apecimeos 
of good aad poor seeds. The samples should include fresh and old clover seeds, 
chaffy and clean grass seeds, heavy and light grain, pure seeds compared with 
others foul with weeds, etc. 

Project Studies. — Compare the growth of crops where poor lots of seeds 
have been used in contrast with the l:«Bt seeds. Tnese may be on amall plots. 

2. Grow several lota of seed that have been selected for disease resistance. 
Teat their efficiency by contrasting them with others grown in similar surround- 
ings. These may include cabbage which resists yellows, tobacco and tomato 
which resist wilts, or others. 

3. Sweet potatoes which have been selected from plants which are immune 
to black rot diseaae should be grown as a home project. From the crop select 
those which are perfectly immune and that are the best in yield, etc. 
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4. Project in seed improvement for various farm and g&rden crops may be 
conduct^ at homes of students. 

Field Studies. — 1. Compare growth where the tillage is thorough with the 
Bame crops under poor tillage. 

2. Find examples where weeds have been smothered by heavy seeding of 
crops as grains, cowpeas, millet, buckwheat, etc. 

3. Make field studies to attempt to diagnose the fertility or infertility of 
field at home or on other farms. See the suggestions in this and other chapters. 

QUESTIONS 

1. Name the factors upon which successful crop production depends. 

2. What is meant by a fertile soil? 

3. What makes a fertile soil? 

4. What is a good combination to have in order to raise good crops? 

5. What is gtK>d seed? 

6. Wliat advanta^ is there in plantii^ large seeds rather than smaU ones of 

the same variety? In planting disease-resistant varieties? In planting 
improved varieties? 

7. How may weather conditions affect crop growth? 

8. What relation has the weather to the farmer's activities? 

9. Discuss the relation of Ught to crop production. 

10. What are the best conditions under which to grow sugar beets? 

11. What are "smotherinR crops"? Explainhow clover and alfaLFa may serve 

in this capacity. What about weeds? 

12. What precautioD should be observed in sowing nurse crops? 

13. How may a farmer protect his crope from injury? 

14. What is the meanii^ of soil fertility? 

15. Give meaning of "to maintain fertdity." "To increase fertility." 

16. When is a soil said to have lost its fertility? What is infertiUty? 

17. Fertility of a soil in your locality has meaning only in relation to 

what crops? 

18. What indicates soil fertility? 

19. Name the factors determining fertility. 

20. When is it possible to obtain maximum yields? 

21. How may a soil lose its fertiUty or be limited in its productive power? 

22. Explain why peats are frequently unproductive. Give remedy. 

23. What are common causes for failure of legumes? 

24. What is the meaning of "soil exhaustion ? What is a common cause of 

soil depiction? 

25. What is the effect of exhaustive cropping on the phosphorus supply of 

soils? Illustrate. 

26. Explain why it is not easy to restore the original fertility of a badly ex- 

hausted soil. 

27. Illustrat« how the cause of infertilitv or low yields may be reasoned out. 

28. What is the secret in growing a good crop o( com? 

29. Suppose com is planted in lulls 3 feet 8 inches apart each way, 3 stalks 

m the hill, and each stalk produces an ear weighing three-quarters of a 
pound when cured. What would the yield be? What wouM you do to 
grow such a crop? 

30. For an outline summaiy of this chapter see table of contents. 
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CHAPTER VIII 
SOIL WATER AND ITS RELATION TO SOIL FERTILITY 

Water ia a most important though variable factor affecting 
soil fertility. Crop yields may be much reduced by a lack of water 
or by too much of it. The life processes and special activities of 
plants as well bs of animals are at all times dependent on the 
water supply. 

Why Pbuits Require Water. — In relation to plants, water 
serves a number of purposes, as — 

a. A nutrient. It may without change become a part of the 
plant cell, or it may contribute to the making of foods. 

6, A carrier for plant-food elemenis and -plant-food. The salts 
of the soil which contain nitrogen and the mineral elements, 
and the carbon dioxide of the air, which contains the carbon must 
be brought to the leaf cells in soluble form before they can be 
utilized in food manufacture; and when the foods are made, they 
are translocated within the plant in soluble form by means of 
water (p. 50). 

c. To keep the ceUs turgid, or expanded, to prevent wilting. 
When plants cannot get Eill the water they need they wilt, and when 
they remain wilted they die. 

d. A cooling agent. The evaporation of water from the leaves 
prevents their getting too warm. It has been found that even 
with evaporation the leaf temperature may be ten to fourteen 
degrees higher than that of the surrounding air. 

e. An aid in life processes. Water is necessary to permit of 
certain physical and chemical changes (life processes) within 
the plant. 

Fur&er Importance of Water. — Water is a great solvent in 
soils, and without it the necessary chemical changes in soils cannot 
take place ; nor can the helpful soil organisms develop and do their 
work without moisture. 

Crops Require Much Water. — Crops require tremendous 
amounts of water; for example, in a humid climate like that east 
of the Missouri River, about 152 barrels of water are required 
to produce one bushel of com (Fig. 37). This means that in the 
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production of a aeventy-five-bushel yield for each tweaty-three-f oot 
Bquare area, the area necessary to grow one bushel must furnish 
to the com growing on it at least 152 barrels of water during the 
growing season, or an equivalent of about thirteen inches. All 
this water passes up through the plants and evaporates from the 
leaves. This current of water passing up through the plant and 
evaporating from the leaves is called the "transpiration current." 
Approximately 140 barrels of water are transpired by the oat 







^w 




Tib. 37.— On. 

bushel ot coin. Ths oorn 

plants for each bushel of oats produced. The same amoimt is 
required per bushel of barley. In a similar manner about 3800 
barrels are required to grow a ton of clover hay, and about 4200 
barrels to produce a ton of alfalfa hay. 

"Water Requirement" of Plants. — The expression "water 
requirement" of a plant refers to its needs and means the amount 
of water that passes up through it and evaporates for every pound 
of dry matter produced. Plants differ m their water require- 
ments, and, for the same plant, climate influences this require- 
ment considerably. In this country scientists have found the 
water requirement of some crops to be as shown m the followii^ 
table: 



sdbyGoOgle 



IMPORTANCE OF RAINFALL AT THE RIGHT TIME 
Water BeptiremerUs <tf Some Crept 





"■"^ " "irssSi" "^ '" 


Crop 


to (hat etut ol the 
Miseouri river 


rBialajtuiTco^rBdo 




271 

385 
464 
504 
576 

































piiwead. lunb's qiuu-lw and rsfweed. 

Soil Gives up More Water Than That Transpired.— The fifrures 
in the table indicate only the amount of water that passes through 
the plant. In addition to this there is about one-fifth this amount 
of water lost by evaporation from the soil under conditions of 
good soil management.' 

Factors Influencing Water Requirement of Plants. — The 
factors which influence the water requirement of crops are : 

(a) The weather. If the air is hot and dry much more water 
is required than when the air is cool and moist. Wind and much 
sunshine also increase the amount of water transpired (last 
column in table). 

(6) The water supply in the sail. When the soil contains a 
lai^ supply of available water, plants are more lavish with it 
than when there is a low supply or when the soil gives up its 
moisture more slowly, as in a clay loam or alt loam. 

(c) Richness of (Ae aoil. When other conditions are the same, 
a plant requires about one-half the amount of water when grown 
on a rich soil than when grown on a poor one. 

(d) Manure and fertilizer treatmefnis. The use of manure or 
commercial fertilizers on poor soils not only increases the yield 
but may decrease the water requirement of plants from thirty to 
fifty per cent. 

biqKHtance of Rainfall at the Right Time. — If the rainfall came 
at the right time and were evenly distributed in sufficient amounts, 
wonderful results would be obtained. The size of the hay crop 
is largely determined by the character and amount of the rainfall 

' Kind's Soil ManaKemeot. 



sdbyGoogle 



92 SOIL WATER AND ITS RELATION TO SOIL FERTILITY 

during the earlier stages of growth. .The oat yield is less dependent 
on the character of the rainfall than is the hay crop. An ideal oat 
year is fairly dry and warm during the time of sowing. Durii^ the 
growing season, however, oata should have from three and one-half 
to four inches of rainfall per month — about two inches every fifteen 
days. If the rainfall should be less than this the grain would not 
fill properly; if more, the oats generally grow too rank and lodge 
easily, especially on manured lands. Temperature also affects 
the yield. If the temperature should average rather warni while 
the oat crop is just heading out, the yield may be reduced from 
three to ten bu^els per acre even though the moisture conditions 
be favorable. 

The yield of winter wheat is determined largely by the rainfall 
during September and October, and by the snowfall and tempera- 
ture during the winter. 

Water ttie Limiting Factor in Diy-fanning. — In dry climates 
the water requirement of plants is greater than in a humid climate; 
and, since the rainfall is so much less, water is the all important 
problem and the limiting factor of production in dry-land fuming. 
Dry-land farming means the profitable production of useful crops 
without irrigation in districts receiving an annual rainfall of from 
ten to twenty inches. Every effort is made, therefore, in these dis- 
tricts to conserve the rainfall for use by crops. 

Moisture Often a Limiting Factor in Humid Climates. — In a 
climate having an annual rainfall of more than thirty inches it 
would seem that moisture can never be a factor limiting soil fer- 
tiUty. The fact is, few seasons pass in which some important crop 
is not reduced from one-fourth to two-thirds in yield because of 
the lack of sufficient moisture, owing to the character and distribu- 
tion of the rainfall. Sometimes the rain comes in torrential showers, 
and much of the water is lost as surface run-off; sometimes the 
snow melts rapidly while the ground is still frozen, and again much 
water runs away; at times the rain comes in light showers and is 
soon lost from the soil by evaporation; and frequently rains come 
at the wrong time or do not come at all when most needed. 

Water Problem in Semi-arid vs. Humid Climates. — The real 
problem that confronts the dry-land fanner is, "Is it possible to 
conserve and use the rainfall so as to make it available for the 
production of profitable crops?" 

In humid climates, because of water losses and irregularities in 
rainfall which materially affect crop yields, the question ariaes, 
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"How and to what extent can farmers conserve the rainfall and 
control the moisture in the soil to prevent any reduction in yield 
because of short dry periods or to lessen the damaging effects 
of drought?" 

Before taking up the study of moisture conservation and con- 
trol, it iB necessary to consider first the forms of soil water, how 
water is retained by soils for crop use, the movements of water in 
the soil, and the capacity of soils for holding water for crops. 

SOIL WATER 

Fonns of Soil Water. — Water in relation to soils may occur in 
three forma or conditions; as — 

(a) GravUaiional or free water. Water which, if opportunity 
be given it, will flow off or run down through the soil and away 
because of gravity. 

(6) Capillary vxiter. Water which is held by the soil gainst 
gravity after all free water is allowed to drain out, but which is 
free to move from soil particle to soil particle. 

(c) Hyffroscopic vxUer. Moisture which exists m air-dried soil, 
or in soil in which plants permanently wilt. Usually a small amount 
of capillary water is also present in soils when plants wilt. 

Capillaiy Water Most Important. — Free or gravitational water 
in wet lands should receive first consideration, since that isthewater 
viaA should be gotten rid of before such lands can be brought 
under cultivation. In all soils having good drainage, however, 
capillary water is the most important, because this ia the form which 
constitutes the soil moisture reserve from which crops draw their 
water requirements. Free water is detrimental to most culti- 
vated crops. Rice and cranberries are crops which are peculiarly 
adapted to wet or saturated soils. 

How Soils Hold Capillary Water. — Catallary water may be 
held in soils in three ways, viz. : 

(a) In form of films around the soil grains. 

(6) In organic matter as in a spor^e. 

(c) In some of the pore spaces within soil crumbs or granules 
(Fig. 6A). 

A mineral soil can hold its greatest amount of capillary wat«r 
when moisture can be retained in all the three ways mentioned. 

A clean sand can hold capillary water only as films around the 
sand grains. A coarse sand is capable of retaining a compara- 
tively small percentage of capillary water because of the less amount 
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of surface per unit volume to which water films can clh^. A fine 
sand, on the other hand, can hold a larger percentage of capillary 
water because there is a much lai^er amount of surface over which 
water films can form. 

A black silt loam or clay loam containing much organic matter 
and being crummy in structure can hold a large amount of capil- 



lary water, for three reasons: (1) its fine texture affords much 
surface for water films; (2) the organic matter has a high-water 
absorptive capacity, and (3) the crumbs contain pore spaces, 
many of which may become filled with water. 

Peat holds the greatest amount of water per unit weight. 

Movements of Water in SoD. — There are three important move- 
ments of soil water — percolation, seepage and capillary rise of water. 

Percolation is the passing of free or gravitational water straight 
down through the soil (Fig. 38). This movement takes place 
through the pore spaces in between the soil particles or crumbs. 
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This movement is fast in a coarse sand and very slow in a clay 
loam of compact structure and in a clay. 

Percolatioii Prevents or Lessens Soil Erosion. — If water can 
penetrate and percolate through a soil easily, soil erosion is pre- 
vented. A stubble field of heavy silt loam or clay loam on a hill- 
side washes badly during a heavy rain because the water cannot 
readily soak mto and percolate through it, and because the silt and 
clay particles are easily carried away by running wat«r. If such 
a field were plowed so as to permit the water to enter the soil, 
erosion may be checked or much lessened. 

Diainage Depends on Percolation. — When the ground is very 
muddy the pore spaces in the soil are filled with water ; in other 
words, the soil is saturated or nearly so. If It were not possible 



Fio. 39. — DiaerBm ibowiDc dilTerence bctnecn peicolation and SMpace; A, the titled 
•dl: B. permeable subaoil thraush which free water percalatea; C, aaudy gravel aubatratum 

dI Mtar out Fram the upland: O, place to put tile to eatch the aeepajie water. 

for this surplus water to pass down and a^ay, workable soils 
would soon become unfit for cultivation. It is through percolation 
largely that soils rid themselves of any free or gravitational water 
whenever opportunity be given it to flow away. 

Percolation Aided by Roots and Worms.— Many upland soils 
are given better drainage through the penetration of roots into the 
deep subsoil, and throu^ the action of earthworms. When roots 
of trees and of plants like alfalfa die there remain the openings 
made by them. These openings, together with those made by 
earthworms, facilitate percolation. Checks and cracks in the soil 
also favor this movement of soil water. 

Seepage is generally understood to mean slow lateral movement 
of free soil water (Fig. 39). It is common in some localities to 
observe water seeping out of hillsides. Soils occurring on the 
borders of marshes are often much wetter than the interior of the 
marab, owing to the seep^e of free or gravitational water out 
from the upland. 
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Capillary Rise of Water in Soils. — This is the upward move- 
ment of water from the subsoil to the surface. Thia movement of 
Boil moisture coucems capillary water only. A good illustration 
of this is the upward movement of water or col in a lampwick. 
Suffice it to say that the force which causes this rise of water either 
in the soil or a lampwick is " capillarity." 

When capillary water rises in soils it does not fill the pore 
spaces in between the soil particles, but rises or moves from soil 
grain to soil grain in films which surround the soil particles; thus 
capillary water may move not only upward, but ' 
in all directions, from a greater to a less amoimt 
of soil moisture. It is important that the pore 
spaces do not all become filled with water, 
because it is through these openings that air 
enters a soil; and air is one of the factors 
determining fertility. 

Factors bifluencing CapillaTy Rise of Water, 
— ^There are several factors infiuencing the rise 
of water in soils, but we shall consider here only 
I those which are of practical importance to the 
farmer; viz., soil texture, compactness or firm- 
ness of soil, and obstruction. 

Influence of Soil Texture. — Soil tenure has 

a decided influence on the rise of soil moisture. 

In a fine textured soil water rises much higher 

■ho!^, *ho7 2^*8^ but more slowly than in one of coarse texture 

Mternsw in bdJb— in (Figs. 40 and 41). Capillary water cannot rise 

aiDU born khI puticle ^"=7 ' j.l jvj 

to Boi psrticu. s.BoJ upthroughgravel or coarse sand; thus a seed bed 
'*' " having a coarse sand subsoil is supphed with no 

appreciable amount of moisture from the subsoil through eapil- 
lEirity. A seed bed of silt loam underlaid by silty clay, on the 
other hand, may be supplied with considerable capillary water 
from the subsoil to a depth of from four to five feet during a drought. 
King concluded that moisture may rise in silt loam soils from depths 
of ten feet in forty-five weeks. Another investigator has shown 
water to rise in a very heavy soil to a height of only forty-six 
inches in twenty-eight weeks. Since in a humid climate a drought 
seldom extends over a period of six weeks, a seed bed of silt loam 
on silty clay subsoil would probably not secure any moisture 
from depths greater than four or five feet. Since in most soils in 
humid climates roots of farm crops extend to depths of three to 
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four feet, and since moisture can rise to heights of from at least 
three to five feet in fine textured subsoils below the root zone, it is 
reasonable to assume that a crop growing on a silt loam having a 
deep silty clay subsoil draws its moisture supply from six to nine 
feet of soil during a drought. 

Cooqtactness.— Compactness or firmness means good contact 




Fia. 41.-^ftplIUr)' Hw of wftter ia HiU. 

between the soil grains and crumbs within the seed bed. Since 
capillary rise of water is possible because of the films which extend 
from soil particle to soil particle, we can readily understand how 
compactness or good contact between the soil grains facilitates 
this movement of water. 

Obstruction.— Under field conditions practically the only 
obstruction that may at times interfere with the rise of soil water 
is too much coarse material plowed under; it may be too much 
coarse manure or litter, a rank growth of clover, or too much 
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strawy rye. Rye is commonly plowed under to add organic 
matter to soils. For best results it should be plowed under before 
it develops stiff straw. In either case cavities are formed which 
impede or prevent the capillary rise of water from the subsoil 
to the seed bed. This ia especially true when sod is hnproperly 
plowed just prior to a dry period. When much coarse litter is to be 
turned 'inder it is best to plow in the fall, and whenever it is done a 
short time before planting good contact should be secured, if possible, 
between the soil and subsoil by working the land and rolling it. 

The SoU a Reservoir. — In the preceding chapter it was learned 
that soils act as reservoirs in storing a portion of the water supplied 
to them and giving it up again to growing crops. Soils vary in 
this capacity because of differences in t«xture, content of organic 
matter and structure. Thus it is that we speak of "water-holding 
capacity" of soils. 

Water-holding Capacify of Soils. — Water-holding capacity of a 
soil is generally understood to mean the' greatest amoimt of water 
it can retain when all free water is given a chance to drain out. 
The water thus held includes capillary and hygroscopic moiatiue, 
and is expressed in per cent of the dry weight of the soil; for 
example, if fifty pounds of a perfectly dry soil can hold fifteen 
pounds of water after allowing all free or gravitational water to 
drain out, that soil has a water-holding capacity of thirty per cent, 
the greater portion of it being capillary water. 

The following table shows how different soils vary in the amount 
of water they can hold against gravity : 

Water-holding Capacit}/ of Soifo 
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Moisture Supply Better in Silt Loams Tliaii in Sand.— Sandy 
soils give up their water much more easily and completely than silt 
loama and clays, nevertheless the latter soils generally furnish to 
crops a much better moisture supply. 

The figures in the last column of the table seem to indicate 
that orops would suffer less for want of water on a coarse sand 
than on a light colored silt loam during a droi^ht. On the con- 
trary, crops suffer much more on the sand, for two main reasons: 



Fio. U. — A dmushty (oil. A fine loam about 14 incbee daep underlaid by ooane BUid 
and gTATfll- 

(1) Sand gives up its water more easily than silt loam and 
hence plants are more lavish with it. 

(2) In the coarse sand, roots cannot secure moisture by capil- 
larity from depths below the root zone. 

Thus it is that com on sand grows faster than on a silt loam 
and shows no injury because of lack of rain during the beginning 
of a dry period, but suffers much for want of water later on as 
the dry weather continues. 

Some Soils are Droughty. — Soils which are unable to furnish 
crops with sufHcient moisture during short dry periods are called 
"droughty" — a deep coarse sand is a good example (Fig. 42). 
Often the best appearing foam or silt loam proves droughty, because 
it is underlaid at a shallow depth by a coarse and porous subsoil, 
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such aa coarse sand or gravel. During a dry period the main source 
of moisture that crops can draw on is the capillary water stored 
in the shallow surface stratum, since no water is suppbed to the 
seed bed by capillarity from lower depths. Furthermore, roots 
extending into a gravelly subsoil can secure but little moisture. 
In contrast to this, a silty clay subsoil, for example, furnishes much 
water to the seed bed, and to the deep roots extending down into it. 
Moreover, a seed bed underlaid by a fine textured subsoil can hold 
more capillary water than if the subsoil were sand or gravel. 
In buying a farm it is important to examine into the nature of 
the subsoil to ascertain whether or not it can furnish the seed bed 
with any capillary water and supply the deep roots with sufficient 
moisture; and whether or not it can permit percolation sufficient 
at least to favor proper dr^nage. 



The loss of water from rainfall may occur by running off the 
surface of the soil, by percolating through it, and by evaporating 
from it. Roughly speaking, only about twenty-five to thirty per 
cent of the rainfall in a humid climate is used by crops — the rest 
is lost (P^g. 43). Moisture conservation and control consists 
(a) in preventing surface run-off as much as possible ; (6) in increas- 
ing water-holding capacity of soils; (c) in aiding capillary rise of 
soil moisture; (d) in lessening the loss by evaporation either from 
the soil or through weeds; (e) in droning wet lands, and (/) m 
supplying water throi^h irrigation. 

How Run-off May be Lessened. — Loss of rainfall through 
surface run-off may be much lessened by aiding soils to catch or 
trap water. This may be accomphshed in several ways: (a) by 
fall plowing; (b) deep hillside plowing; (c) by loosening up any 
hard and compact soil and subsoil ; (d) by plowing at right angles 
to the slope or hillside, and (e) by terracing. Any one of these 
methods permits more of the rainfall to soak into the ground, and 
that which is not stored or retained by the soil passes on down and 
away. In some sections, and especially on hillsides, the storage 
of water by the soil diuing late fall, winter and early spring, or at 
any other time, is greatly hindered, because no provision is made 
whereby soils can catch the rainfall. Any other method whereby 
soils may be aided in "trapping" and storii^ water from rainfall 
is worthy of consideration. 
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How Water-holdihg Capacity May Be Increased. — Since the 
amount of water retained against gravity by most Boile is deter- 
mined largely by texture, organic matter and atructm-e, it is plainly 
seen that the water-holding capacity of a sand, for example, cannot 
be increased by improving its texture. Texture of a sand, or of 
any soil, remains practically the same, and the structure of a sand 
cannot be materially changed in a short time. Thus the only 
course open, in case of sand, is to increase the organic matter. 

In case of a "heavier" soil, water-holding capacity may be 
improved by increasing the organic matter and by loosening it if 
it is very compact. The addition of organic matter also tends to 
develop a crummy structure which is favorable to water-holdii^. 

Oi^nic matter may be increased by plowing under clover or 
green rye, by plowing under a good sod as often as possible, through 
the application of farm manure and through the apphcation of 
peat, if convenient. 

Aiding Capillary Rise of Water. — Good contact between the 
soil particles favors capillary rise of water. This is an important 
reason why a firm seed-bed is generally desirable. Not only should 
the seed bed be firm, but there should also be good contact between 
the seed bed and the subsoil — in this respect fall plowing is advan- 
tageous, also working the land and rolling it. 

A seed bed too loose and lacking good contact with the subsoil 
is not a favorable environment in which to plant seeds, especially 
if they be small like clover and alfalfa. If frequent rains do not 
occur when such conditions exist, germination is poor and the 
crops may be failures. 

Special attention should be given to compacting the seed bed 
when deep plowing is done just before seeding or planting — par- 
ticularly when the soil is sandy or loamy, 

Subsoiling heavy soils to enable them to trap and store more 
water is to be recommended in some instances, but subsoiling land 
having sand or sandy subsoil is to be discouraged, since it is dear- 
able to maintain compactness of a sand subsoil to favor capillary 
rise of soil moisture, to retard loss of water through percolation, 
and to lessen excessive leaching. 

Lessening £vqK>ration of Soil Moisture. — Under field condi- 
tions losses through evaporation may be decreased more or less 
by developing a top layer of loose, dry soil. Such a protective 
layer is called a "soil mulch" (Fig. 44). A soil mulch may be 
developed and maintained throughout the growing period only in 
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fields planted to crops like corn, potatoes, cotton, or any other 
crop planted in rows so as t« permit of intertillt^. 

What Cimstitutes a Good Soil Mulch. — On silt loams, clay 
loams and clays a good mulch consists of a layer of looeened and 
dry soil composed either of crumbs or a mixture of crumbs and 
small lumps. A dust mulch is undesirable because it becomes a 
hard crust when a hot sun shines upon it after a rain, whereas a 
crummy layer does not crust and bake so eaaly. 

A good mulch on sandy soils consists of a loosened and dry layer 
of sand 



Pio. 44. — How ft toil moleh M _ . _ . 

the coil moistun is permitted to move to the surfBce ana eviiporste. Alter awbile tbe toot- 
priota will become hard and dry, while the uiil beneath the mulch will be mellow and mout. 

In a humid climate it Is not generally necessary to make a soil 
mulch deeper than three inches. Many are very effective when only 
an inch or two in depth, especially in gardens and on heavy soils. 

How a Soil Muldi CcoiBerves Moisture.— The protective action 
of a soil mulch in lessening the loss of moisture is based on three 
principles: (1) The looseness of the soil hinders the movement 
of capillary water from soil particle to soil particle. (2) The dry 
surfaces of the soil particles and crumbs offer resistance to the up- 
ward movement of water films. (3) A surface layer of dry soil 
keeps the soil below it somewhat cooler, thus lessening the ten- 
dency of the soil moisture to evaporate. When the surface layer 
of a soil is loosened, therefore, the capillary rise of moisture is 
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immediately checked, hence the loosened layer soon dries out. 
When dry, each soil particle and crumb aids in lessening the escape 
of moistiu^ from below by offering resistance to the rise of the 
water fiUns (Figs. 40 and 44). 

Cultivation Is Necessary to Maintain Mulch. — In order to 
maintain both a loosened and dry condition of a soil mulch it is 
necessary to rework the ground even though no rain falls, because 
the loosened layer, owing to its own weight, gradually reestablishes 
a greater or less degree of compactness which in turn favors 
capillary rise of film moisture. Rain generally destroys the effec- 
tiveness of a soil mulch; so that if the mulch b further desired, it 
should be reestablished through cultivation (Fig, 44). 

Mulch of Greatest Value During Diy Periods. — A soil mulch 
is of the greatest value during dry periods. When frequent rains 
keep the soil well supplied with moisture the main object of 
cultivation during such i)eriods is to kill weeds and to aerate the 
soil, and not so much to establish a mulch to conserve moisture. 

Aside from the fact that a mulch conserves moisture, it is 
important to mention here that heavy soils are much easier to work 
during dry periods especially, when a mulch is maintained. 

Self-forming Mulches and Protective Crusts. — Very rapid 
evaporation causes the surface few inches of a sandy soil, peat or 
muck to become quickly dried out even though no cultivation be 
given it, and because of this rapid drying out, the films of soil 
water become broken, so that the dried surface zone acts as a 
mulch. This explains why some uncultivated soils lose more 
water through evaporation in a humid than in a semi-arid climate. 

On certain loams and silt loams of cnmamy structure, self- 
formed crusts, which break away from the soil beneath, become 
effective in lessening water losses. These detached crust-like 
layers vary from a fourth to about two inches in thickness, and 
are formed as a result of rapid evaporation. Crusts not sO loosened 
from the soil beneath would increase evaporation. 

Mulches of Other Kinds. — Straw, manure, leaves, grass and 
other materials are used to a more limited extent for mulching; 
in many instances to conserve moisture, to keep down weeds, for 
fertilizing, to avoid soil washing, and in other cases to prevent 
injury from repeated freezing and thawii^ during winter and 
early spring. 

Weeds Are Moisture Robbers. — The water requirement of 
weeds is greater than that of com; thus a growth of weeds in a 
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crop repreeentfi an enormous loss of moisture wliich should go to 
the crop (see first table in this chapter). The killing of weeds, 
therefore, is an important factor in moisture conservation. 

DemonstratioiiB. — Maierial Needed.-~Oae bal&uoe; a bakiiig-powder can; 
a piece of cheese cloth; 6 student lamp chimnevs, or J^-inch glais tubes 12 to 
16 inches long; & tew pieces of lump sugar (cubes) ; a few teaspoonfuls of 
powdered sugar; red ink; a. saucer; a few fine needles; some road dust; a piece 
of dusty board; 2 one-gaUon crocks; about a quart each of air-dried loam, 
fine Kravel, ooarse sand, fine sand, silt loam; and 8 quarts of loam or ^t loam. 

To Mako Clear the Heanjng of the Three Foims of Soil Water. — 
Proeeditre. — A. Allow the plants in the crock that was kept in the greenhouse 
(Demonstration No. 4, Chapter V) to dry up and die. Now take out of the 
crock 100 grams, or about 4 ounces of soil, and dry it at lOS^ C. or 221° F. 
(to prevent ouming of organic matter) for 3 to 5 hours. Weigh again and deter- 
mine the per cent of water contained in the air-dried soil. Most of this water 
is hyn^ncopic water. 

Plants are wilted and dying in a sand and a clay loam. Which soil contains 
the more hygroscopic water? 

B. Over the perforated bottom of a baking-powder can, or over the open- 
ing in a funnel, place a piece of cheese cloth. Fill the can or funnel nearly 
full of air-dried loam. Four on the soil a measured amount of water and 
allow to drain. 

Queatume. — (a) Did all the water drain through the soil? 

(b) What is the water called that dmined thrau(^7 

(c) Name the water that was retained by the soil. 

To Observe Ote Rise of Capilfau7 Wat«r in Soils and to Study Some of 
the Factors Which Influence This Procen. — Procedure.— Tie some cloth over 
the lower end of student lamp chimneys, or i^inch glass tubes (F^. 41). 
(Tubes should be at least 12 to 18 inches long.) Fill student lamp chunneys 
or tubes with diy soil as follows: 

No. 1. — Fill with dry gravel; tamp well. 

No. 2. — Fill with dry coarse sand; tamp welL 

No. 3. — Fill with d^ fine sand; tamp well. 

No. 4.— Fill with dry silt loam ■ tamp well. 

No. 5. — Fill as in No. 3 to within one inch of the top; tamp well. Fill to 
top with drv, crummy silt loam — do not tamp. (This top layer ol loose, dry 
crunuuy soil serves as a soil mulch.) 

No. e.^Fill as in No. 3 to within inches of the top; tamp well. Now 
place on top of this soil column half an inch of cut up straw, dry grass, or hay; 
then fill to top with dry fine sand— -tamp well (see Fig. 40). 

Place soil columns in a pan in a vertical position, then pour about half 
an inch of water into the pan. Observe results at end of o minutos; after 
1, 2, 3, 4 and 5 days, respectively. 

Questiima.—{a} Why is it necessary to have good contact between the 
soil particles within the seed bed. Between the sou and subsoil? 

{[>) What is a droughty soil? 

(c) What effect has texture on the capillary rise of water in soils? 

To DemooBtrate the Principle (rf Soil Holch in ConBerving Moisture. — 
Procfdiere. — A. Observe results m tube No. 5, previous experiment. 

B. Spririkle as much powdered sugar on top of a lump (do not press down 
the powdered sugar) as it will hold, and place the lump m a pool of about 12 
drops of red ink poured out on a white dish. Observe results. 

The lump of sugar represents soil, and the powdered sugar a soil mulch. 

C. Fill a saucer with water; ^^ace a perfectly dry, fine needle carefully 
on the surface film of the water. The needle will float. Why? T^ a pinch 
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of dust and let drop carefully into the water. What happens to the finest, 
dry particles? Explain. Why do drops of water roll off a dusty board like 
a many shot? 
" Note th( 

loam or loam. (In fillinc establish good contact between the soil particles.) 
Determine weiKat of soil in the filled jar. Moisten with water until a good 
supply of capillary water is held throughout tlie soil. Weigh again and deter- 
mine the per cent of capillary water contained in the soil. 

Fill a second crock m a similar manner as No. 1, only fill within two inches 
of the top. Water, and determine the per cent capillary water as in No. 1. 
Now fill crock to level full with dry, crummy soil (soil mulch). 

Place both crocks in a breesy place and determine the per cents of capillary 
water in the two soils in the two crocks at the end of a, week or ten days. Do 
not water. 

Have students record results. 

QuesfiOTM. — (a) What constitutes a good soil mulch? On sand? On 
silt loam? 

(6) When is a soil mulch most effective? (Consult text.) 

Labomtory Exercises.— -Mofei-ioZa Needed. — -Three large and 3 small baking 
powder cans; some cheese cloth; one 20-meBh screen- one 40-mesh screen; one 
pie tin; one soil auger; one balance; 4 quarts each of dry coarse sand, fine sand, 
and a mixture of coarse and fine sand; one quart each of dry crummy silt loam, 
peat, muck and pulverized peat. 

To Determine the Porosity of Soils. — Procedure.— Punch a hole in the 
bottom of a baking-powder can. Place a piece of cheese cloth over the bottom 
on the inside, and ml the can full of dry, coarse sand (screen out all fine material). 

Now set the can into a. dish of wat«r so that the surface of the soil is about 
on a level with the surface of the water on the outside. Allow the soil to 
become saturated so that ft«e water is noticed on the surface of the soil. Place 
finger over the hole in the bottom of the can, take can out, and allow all free 
water to drain into another can to be measured. The amount of water in cubic 
inches represents the amount of pore space in the soil. Determine the per cent 
of pore space in the coarse sand. (3)^ X square of radius of soil column X height 
of soil column^cubic inches.) Becoiil results as follows: 
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Repeat the experiment by using a fine sand (sc: 
and a mixture of coarse and fine sand. 

Qtwetions. — (o) What is the relation between the size of soil grains and 
porosity of a soil? 

(b) Would the pore space in day be greater or leas than in sand? Why? 

(c) How does*porosity of a soil aSect the rate at which water will percolate 
throurii it? 

(a} Will dry clay loam weigh more or less than fine sand? Why? 

(e) What are the conditions producing the least amount of pore space in 
a soil? (Note pore space in mixed sand.} 

To Observe the Hovement of Capillary Water in Soils, — Procedure. — Pour 
a cupful of diy sand or loam on a pie tin in a conical pile. Pour about a 
third of a cupful of water into the tin (not on the pile of soil) and observe results. 
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— (o) What ia meant by capillary movement of soil water? 

(b) In what direction does capillary water move in soils? (Consult text.) 

(c) What determines the direction of movement? 

To Study ttie Power of Soils for Holding C&pillaiy Water.— Procedure.— 
Fill a small baking-powder can having a perforated bottom, with air-dried, 
coarse sand. Determine the weight of the soil by subtracting the weight of 
the can from the weight of can plus the dry soil. Pour water on the soil until 
thoroughly wet. Allow all tree water to drain out. and determine the per cent 
of capOiaiy water retained, (Use weight of air-dried soil aa basis.) Repeat 
the experiment by usine an air-dried, fine sand, a crummy silt loam, and a 
peat or a muck. Hecord results in tabulated form. 

Questions. — (a) Name the factors determining the water-holding power 
of soils. 

(b) Of what importance is the fact that soils can retain moisture? (Con- 
sult text.) 

To Determine the Effect of Organic Hatter on the Water-holding Power 
of Soils. — Procedure. — Take a bakmg-powder can one-half fuh of the same 
air-dry, fine sand used in the previous exercise and mix with it an equal volume 
of pulverized peat, or some other suitable organic matter. Determine the water- 
holding power of this mixture. (Allow Ihe organic matter to become well 
soaked before draining off tlie water.) Compare results with those obtained 
in the previous experiment. 

Questions. — (a) What is the effect of organic matter on the per cent of 
capillary water held? 

(6) Does this naixture actually contain more capillary water than the fine 
sand alone? Determine. 

(c) How may the water-holding power of a sand be increased? Of a 
silt loam? 

To Determine to What Extent Weeds Use Soil Hoistuie. — Procedure. — 
Secure a pint sample of soil (to depth of at least 8 inches with soil auger) from 
an area m the garden or field where weeds arc growing thick and thrifty. 
Collect a HJmilur sample from another portion of the same field or garden where 
land has been well cidtivated and weeds killed. (Do not collect these samples 
soon after a rain, but rather near the close of a dry period.) Place these 
samples in baking-powder cans to prevent drsrnig out. Weigh, and dry at 
temperature of 105 C. or 221° F. Determine the per cent of moisture in the 
two samples. (Use weight of soil as collected in field for basis.) 

Question. — (a) Name several reasons why weeds should be destros'ed. 
(Consult index.) 

Keld Studies. — Determine if possible why some soils dry out so easily. 

Observe different conditions which aid soils to trap water. 

Observe the effect of a good soil mulch and of any other kind of mulch. 

QUESTIONS 

1. What is the relation of moisture to soil fertihty? 

2. What use do plants make of water? What is the importance of moisture 

in the soil itself? 

3. What can you say concerning the amount of water used by crops? 

4. What is meant by "water requirement" <rf a plant? How do crops differ 

in this respect? 

5. About how much water is lost by evaporating from the soil in growing 

6. What are the fact«r8 which influence the water requirement of crops? 

7. Tell of the importance of rainfall at the right time during growth. 

8. What is dry-land farming? What is the hmiting factor of production in 

this kind of farmii^? 
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9. Is moisture ever a limiting fa«tor in production in humid fanning? 

10. What is the problem tliat confronta the dry-land farmer? 

problem concerning the water supply in humid farming? 

11. Name and define the three forms of soil water, wiich is of most import- 

ance in crop production? 

12. How do soils hold capillary wafer? When can a soil hold its greatest 

amount of capillary water? 

13. Compare a coarse sand with a fine aand in the amount of wat«r it can hold 

for crop use. 

14. Why can a black silt loam hold a large amount of capillary water? 
16. What is percolation? 

16. What is the relation between percolation and soil erosion? 

17. What is the importance of percolation in land drainage? What facilitates 

percolation under field conditions? 

18. What is seepage? lUustrate. 

19. What is meant by capillary lise of soil moisture? Give other illustrations 

of this phenomenon. How does capillary water rise in soils? 

20. Name and discuss three factors influencing capillary rise of soil wat«r 

which farmers should consider. 

21. What is meant by water-holding capacity of a soil? How do soils vary 

in this capacity? 

22. What forma of soil moisture does "wat«r-holdiBg capacity" include? Can 

plants use all thewater indicated by "water-holding capacity"? Explain. 

23. Compare the available moisture supply a light-colored silt loam can hold 

with that of a coarse sand. 

24. What are "drouthy" soils? What is an important point to consider with 

respect ta subsoil in buying a farm? 

25. Menuon ways in which water from rainfaU may be lost to the crops. 

26. Name ways in which moisture may be conserved and controlled. 

27. How may surface run-off be lessened? 

28. How may the water-holding capacity of soils be increased? 

29. How can a farmer aid capillary rise of soil moisture? Why is it beet not 

to Bubsot! land having aand as subsoil? 

30. What is a soil mulch? Under what conditions can it be maintained? 

31. What constitutes a good soil mulch in humid famiing? In dry-Jand 

farming? 

32. Explain by use of a diagram how a soil mulch conserves moisture. How 

may a soil mulch be maintained7 

33. When is a soil mulch of greatest value? How does -a soil mulch aid 

cultivation? 

34. What are self-forming mulches and "protective crusts"? 

36. Explain the uses of straw and oljier materials used as mulches. 
36. What bearing have weeds on moisture conservation? 

PROBLEMS 

1. A barrel of water weighs 263 pounds and an acre of water one inch 
deep wei^is 113 tons. How many inches of water are required to grow a 
SO-busheloat crop? A 2-ton clover crop? A 5-ton alfalfa crop? 

2. If on a certain farm % of the rainfall during the growing period is 
used by the crops, Hi >s lost by percolation, H lost as surface run-off and % 
the amount used i^ the crops is lost through evaporation from the soil, how 
many inches of rainfall would be required to grow the crops in problem 1? 

3. What per cent more water is used by the clover plant in a semi-arid 
than in a humid climate? Assuming this would apply to alfalfa, about what 
would be the water requirement of alfalfa in a humid climate? 
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CHAPTER IX 
LAND DRAINAGE AND IRIUGATION 

This chapter may be considered as a continuation of the sub- 
ject of "Moisture Conservation and Control," which was partly 
considered in the preceding chapter. 

Land drainage may be defined as getting rid of free or excess 
water from wet lands. This subject is a broad one, touching 
both the field of engineering and of soil management. Because 
of lack of space, we shall study in this chapter the relation of good 
drainage to soil fertility, and consider the fundamental principles 
of land drainage and irrigation. 

Too Much Water is Harmful. — It is common knowledge that 
water standing long on a cultivated field either injures or destroys 
the crop. This injury is lai^ely the result of the shutting out of the 
air and the checking of the soil activities, because of too much water. 

Otber Harmful Effects of Too Much Water.— Wet soils are 
cold, and this retards germination and plant growth. Too much 
water makes fields, or portions of them, unfit for cultivation. Much 
injiuy is done poorly drained soils when they are worked too wet. 
Injury of crops by heaving (through frost action) is greater on 
wet lands than on those having good drainage. Wet fields which 
become dry enough to permit of late planting are less profitable 
than when well drained; moreover, such conditions make crop 
production uncertain (Fig, 45). It is generally recognized that 
wet swamp lands are detrimental to public health. 

Benefits (rf Proper Drainage. — Many direct benefits are to be 
derived through proper drainage. The most important are 
the following: 

1. Soils Warm Up Better. — Water requires much heat to warm 
it, and a very great amount to evaporate it,' A little of the heat 
of the sun is absorbed by the water in a wet soil, but the moat of 
it is used up in evaporation. Thus it is that a wet soil is a cold 
soil (Fig, 46). If the same land were well drained, the heat of 
the sun would be absorbed by the soil instead. 

< To raise the temperature of a pound of water (1 pint) 1° F., requires 
1 British beat unit. To evaporate a pound of water reauira 966.6 heat 
units. It requires no more heat to raise 7 pounds ot dty loam one degree 
than to warm a pound of water one degree. 

10» 
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The free movement of air, possible only in a well-drained seal, 

aids materially in warming it. 

The most effective aoil-wajming agent is warm rain water. 
We all know how quickly the dormant vegetation starts growing 
in early spring when a warm rain sinks into a well-drained soil. 
Water-logged soils are not benefited in this way by warm rains, 
because ail the rain water is forced to run away as surface water. 
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2. Roots Grow Deeper and Stronger. — Plants growing in soils 
that are wet or water-soaked develop shallow root systems (Fig. 
45). Marsh grasses and tamarack, for example, are shallow 
rooted. Corn and other crops will not send their roots into a 
water-soaked subsoil, but will develop them near the surface. 
Drain a marsh, and the wild grasses and the tamarack die, because 
the surface soil dries out, and the shallow roots are left without 
water — capillary rise not being rapid enough to supply sufficient 
moisture from lower depths. This helps to explain why com 
planted on land that is wet during the early growing period suffers 
for want of water during the summer when the land becomes dry. 
It seems strange, but it is true, that crops are able to get a better 
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supply of mobture in a well-drained soil than in a wet one — all 
on account of more and deeper roots. 

Not only are plants able to secure more water when they 
develop deep roots, but they are able, also, to secure more of the 
plant-food elements. 

3. Soil Organisms Develop Better. — Water-soaked soils are 
practically devoid of helpful organisms, while those well drained 
are usually abundantly supplied with them (Chapter VII). 



Fia. 46.— WeC ftnd cold aubaoil injuied the oom crop. For many years nobody biu- 
pecMd that seejiagB wat« was the cause of poor corn crops on a large portion of this field 
even though heavy applications of manure were made. To the left, eood corn; toricht, 
injured corn. <See Fig. 3S.) 

4. Injurious Substances May be Removed. — Proper dramage 

may be the means of getting rid of certain injurious substances in 
soils. In some wet marshes, acids have accumulated to such an 
extent that thesoils have become extremelyacid in character. When 
such soils are drained, the accumulated acids are leached out, 
sometimes ahnost completely, during the first three or four'years 
after thorough drainage has been established. 

The thorough drainage of alkali spots is the best treatment 
recommended. Drainage is the method sometimes used to elimi- 
nate injurious salts from alkali soils (Chapter IV). 

6. More Plant-food Elements Become Available. — The 
entrance of more air in the soil, a warmer soil, the development of 
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helpful soil organisms, and the growth of more and deeper roots 
are results of proper drainage, which, in turn, become important 
factors in maldag available the plant-food elements. Thus a 
well-drained soil can perform ite functions in relation to plant 
growth much better than if it were too wet, or water-logged, 

6. Good Drainage Favois Better Farm Management.— When 
all the fields on a farm are well drained, the farm can be managed 
more profitably — cultivation is made easier, square fields are made 
possible, fields can be laid out to best advantage, seeds can be 
planted better, crops can be planted earlier and hence are given 
a longer growii^ period, fall frosts are delayed, bi^er crops can 
be produced, and farm work in general is not hampered unneces- 
sarily because of wet fields. 

Why Lands are Wet — Some depressions on uplands are wet 
because of lack of surface drainage, coupled with impervious 
subsoils which prevent the water from soaking away. Some level 
and fine textured uplands having " tight "^ subsoils are wet lai^y 
because the surface wat«r runs away very slowly. Seep^e accoimts 
for many wet areas, both on uplands and lowlands. Maay low- 
lands and uplands are periodically wet because of flood water. 
Some lowlands arc wet because they are so nearly on the same level 
with streams or bodies of water that the escape of free water 
is impossible. 

Much Land Needs Drainage. — There are in the United States 
a total of about 122,000 sections (square miles) of land unfit for 
cultivation because of too much moisture, but which could be 
profitably drained. This is equal to the combined areas of Iowa, 
Wisconsin, Massachusetts, Connecticut and Rhode Island. 

How Drainage is Accomplished. — ^Wet lands can be made dry 
in different ways, depending largely upon the nature or source of 
the dami^ng water. 

1. Surface Drainage. — Getting rid of surface water is called 
surface dr^nage. When the offending water is that which stands 
on the surface after rains, drainage may be effected by givii^ it 
a chance to flow away through furrows or shallow ditches. If the 
damaging water is that which flows from uplands to lower,' and 
across lower areas, during flood flow, drainage may be accom- 
plished by controlling the course of the water through the use of 
surface-runs and shallow ditches. 

'A "tighfaoiloreubsoillBonethroi^ which water cannot pass except 
Teryelowly- 
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2. Subsuriace Drainage. — When the damaging water is in the 
soil, or when the water-table' is too high, "subBurface" or "under- 
drainage" is neceeeary. This may be done through the use of 
open ditches and underground or covered drains. 

3. Vertical Drainage. — Occasionally water standing in upland 
depreaaions and on some flat upland fields may be given a chance 
to escape by making openings through the tight sqil, or subsoil, 
so that the water may move downward into an open and dry soil 
below, if such a substratum is to be found. 

4. Combined Methods Necessary .-=-It is generally necessary to 
combine di£Ferent methods of drainage. On nearly all large areas 
the best combination for thorough drainage is large open ditches 
for outlets, and underground drains. Under certain other con- 
ditions a surface-run combined with underdrainage gives best 



Pia, ir.—Dead futrowt u dnin*. fin tisht wnl«, rapadAUy on fialdi havinc little 
iilopA, 4urfbw drunsfle m&y be h&d by plowing in narrow " laDde " up and down the ffentle 
■lopes. The lurfacp wAter druna from the back furrowH to the dead furrow*, thence down 
the dead lunowi and off tbe field. B, baek furrow; D, dead Iurow. (See Fie. ^S.) 

results. In many large areas effective dr^nage is accomplished 
only through the combined use of open ditches, underdrains and 
Burface>runs (fHgs. 4S and 50). 

Method of Drainage Depends Upon Why Land ip Wet— The 
only reasonable and safe way to begin any efforts towards drainage 
is to ascertain why Ihe land is wet, and this Imowledge should 
determine the manner and sjretem of drainage to be employed. 
In most cases it is easy to determine when surface drainage is 
needed; but underdrainage is too often overlooked. On many a 
field the fanner never suspects a lack of sufficient drainage to be 
the cause of low crop yields. 

To eliminate any guessing in ascertaining the need of sub- 
surface drainage, dig a post hole about four or five feet deep, 
preferably during seeding time or when the ground seems too wet 
and cold to work; and if, when the hole is left open, the water 
comes within three feet of the surface, the land is in need of 
underdrwnage. Many grasses make good growth on land satu- 

* Tbe mirf&ae of the free water, or ground water, in a soil, is called the 
"ground water-table." When the free water comes near the eiuface, the ground 
water-tabte ia said to be high. 
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rated with water to withiu three feet or even eighteen inches of the 
surface. Most farm crops, however, do best when such lands are 
thoroughly drained. 

Use of Spade May be All That is Necessary.— Frequently 
water standing in a cropped field may be gotten rid of by spading 
a shallow trench to some drain or roadside ditch. Sometimes 
the placing of a galvanized steel culvert under a road-bed, or the 
mere lowering of such a culvert, is all that is necessary to enable 
the water to escape, or to prevent its backing up on the land. 



FtQ. 48,— A *ell-«odtled lurfaoe-ruD. The gnat pnTeuU nil wuhinf. (WiKioDsin SUtion.) 

Plow Furrows as Drains. — On tight soils, and where fields have 
little slope, water from rainfall causes much injury because of 
insufficient natural surface drainage. The plowing of these fields 
in narrow strips of about four rods wide up and down the gentle 
slopes often provides good surface drainage. When this method 
is practiced, the "back furrows" should form slight elevations 
running lengthwise through the middle of each plowed strip, and 
the "dead furrows" should be kept open. In this manner the 
water from rains or melting snow drains from the back furrows to 
the dead furrows, thence down the dead furrows and off the 
field (Fig. 47). 

Suiface-nm a Necessaiy Drain. — ^A surface-nm is a shallow 
low midway for water — about one and one-half feet deep and ten 
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feet wide at the top (Fig. 48). It b used to remove surface water 
during heavy rains and melting snows. Such a nm may be con- 
veniently used to protect depressions, and to prevent surface 
water from entering a lower area. These drains should be kept 
well sodded. As a rule a drainage system is not complete unless 
surface-runs are provided to take care of the excess water durii^ 
flood flow. 

Open Ditches. — ^Frequently small open ditches about 3 to 5 
feet deep are employed, in place of surface-runs, to prevent flood 
water from flowing on to low lands; the water is thus carried 
around the low area or to one s 




A small open ditch about four feet deep and seven feet wide at 
the top is sometimes dug throi^ a low marsh kept wet by a slug- 
gish stream, to serve as a temporary outlet for a system of tile 
or underdrainage, until the stream is lowered and straightened by 
a dredge (Fig. 49). 

Open ditches of considerable width and depth are employed 
in large marshes where much water is to be removed and where 
the faJl is slight. Such ditches are of primary importance because 
they form the outlets. They are dug by means of dredges. In 
many marshes having winding and sluggish streams these ditches 
are made by straightening and deepening the water-coUrses. 

On extendve marshes lai^ open ditches, or canals, are con- 
structed every mile or half-mile, with large tile at regular intervals 
in between them. 
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Good Open ditches do not afford complete underdnunage 
except for a few yards on either ade of them. In order to secure 
thorough UDderdmihage through the use of open ditches, they must 



isdiu witli 



ktinji dred^. It u SO feet wide 



be dug about every four or eight rods; but many open ditches 
take up considerable space, they cut farms and fields into incon- 
venient and irregular shapes, they require the building of many 
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Fia 61. — Covered dtuni other than tile. .4.B,C. cobblestone uid rook druna; D, poledniD. 

farm bridges, they are unsightly, they are difficult and expen- 
sive to keep open and clean, they present a constant source of 
danger to farm animals, they provide harborage for obnoxious 
weeds, and are excellent breeding places for injurious and dis- 
agreeable insects. 
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Covered Drains. — The only way to eliminate the objections to 
many small open ditches is to use covered drains, among which 
may be mentioned tile drains, cobblestone drains, rock drains and 
pole drains (Fig. 51). Cobblestone, rock and pole drains are not 
commonly used, except in certain localities where these materials 
Me avfulable. They are usually of short duration, because 
they become easily clogged. The universal covered or under- 
drawn is tile, and because of its importance, it shall be given 
special consideration. 

TILE DRAINAGE 

Drain Tile.^ — Drain tile are pipes usually of circular form from 
one to two feet long and varying in diameter from three to thirty 
inches (inside measurements). Most drain tile are made of 
burnt clay; some are made of cement. When well made, tile are 
very durable. Clay tile have been in operation on a farm in New 
York since 1837; and in France some have been in use 200 years 
and more. 

How THe Are Laid.— (Fig. 52). Drain tile are laid end to end 
in narrow trenches and covered. A drain constructed by placing 
tile end to end in a trench is called a "line of tile." It is quite 
necessary that they be laid deep enough to escape tillage tools, 
to give deep underdrainage, and to escape freezing, if passible. 
In clay the usual depth is three feet, in sandy soils four and one- 
half feet. Occasionally conditions do not permit their being laid 
more than about two or two and one-half feet deep. In peat and 
muck soils tile should be laid especially deep (four and one-half 
feet and more), because these soils settle rapidly after they are 
tile drained. On some marshes the settling of the peat brought 
the tile so near the surface that they had to be taken up and 
Idd deeper. 

The size of the tile to use depends upon the amount of water to 
be removed. It is a safe rule to follow not to use smaller than five- 
inch tile. 

The digging of a trench for a line of tile is always begun at 
the outlet, and it is generally necessary to lay the tile as soon as 
the bottom of the trench is made ready, although it is better to 
finish the trench and start laying the tile at the upper end, or head. 

Toe Drains Must Have Fall. — Every line of tile should be so 
laid that water entering it at any point will flow to the outlet. 
This descent or fall of a line of tile is called the "gradient." It is 
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desirable to have a gradual fall of three inches in 100 feet if pos- 
sible. On flat areas, one and one-quarter inches, which is considered 
the minimum grade, is frequently used. It is important to remem- 
ber that the less the fall or gradient, the bigger should be the tile. 
When a good fall is apparent, it is comparatively easy to lay 
tile so that they will carry off the water properly. On level ground 
however, much care should be exercised in securing sufficient fall. 



FiQ, 63. — Bamplce of drun tile and the oeoMBsry tools used id eoDatractios ayatcou of 
tile dniiuce. (Wuconain SUtion.) 

The level is the common instrument used in determining the 
amount of fall. 

Some experienced tilers determine the grade by the flow of 
the wafer in the trench before the tile are laid. 

Tile may be properly Iwd on a level area through the use of 
grade lath (Fig. 53). For example, a line of tOe GOO feet long 
is to be laid, and it can be ^ven a depth of four and one-half feet 
at the outlet. To give this line a fall of two inches in 100 feet 
the tile must be laid three and on&-half feet deep at the upper end 
of the line. Two stakes (a, b) are driven about three and one-half 
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feet apart, one on either side of the proposed trench at the outlet, 
and a lath (c) is nailed to them horizontally one foot from the 
ground (from top of lath), which would be five aod one-half feet 
from the proposed grade line (0, X), or the bottom of the trench. 
Two other stakes (d, e) are driven in a similar manner at the upper 
end, and a lath (J) is nailed to these two feet from the ground, 
which would likewise be five and one-half feet from the grade line. 
Other paire of stakes are driven in line with the first ones at inter- 
vals of about 100 feet and to them lath are nailed horizontally 
and in line of sight over the top of the laths "(c)" and "(f)." The 
trench is now dag until the top of a stick five and one-half feet 
long held vertically on the bottom of the trench is in line with the 
top of the laths. In this way a perfect grade can be obtained. 



^ 




becatise the line of sight over the laths is paiBlIel to the proposed 
grade line. 

On extended flat areas it is necessary to lay tile deep at the 
outlet and shallow at the upper end, in order to secure sufficient fall. 

On all laj^ areas, especially if they are level or nearly ao, it 
is best to seem* the services of a competent drainage engineer 
to lay out the system of drainage and to supervise its construction. 

Covering ttie Tile. — ^As soon as the tile are laid, sufficient 
amount of soil should be shoveled in to cover them, and to hold 
them in place until the trench is filled. Covering and anchoring 
the tile in this manner is called "blinding." 

Filling the trench may be done by hand, or by the use of a 
plow or a scraper. 

Distance Apart to Lay Lines of Tile.— Frequently a single line 
of tile is all that is necessary to drain a narrow wet strip. In 
draining a narrow, wet depression (draw) between two areas of 
high land, it is often best to lay two fines of tile, one at the foot 
of each slope, or one on each side of the lowest center line. On all 
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broad, flat areas several lines of tile are necessary. Just how 
far apart these drains should be placed to secure adequate drainage 
depends largely on the character of the subsoil. In some very 
heavy soils and in springy areas, It is necessary to lay them not 
more than two rods apart, while in porous and open soils they may 
be placed as far apart as eight to twelve rods. In ordinary 
loams and silt loams, and in peat and muck, four rods is the 
common distance. 



Fig. H.— Natuisl Byattma of tile drsinHte. Three eyetems in an SO-acte field. M, mua; 
L. lateral; S. Bub-main. (Wiscoaun Sutiou.) 

How Tile Works. — Water gets into tile drains through the joints 
between the tile (Fig. 59). In case of porous tile, a little water 
goes through the walls, but at least ninety-five per cent enters 
through the joints. Care should be taken in laying tile not to 
leave cracks between them so big as to permit soil to fall in, yet 
not so close together as to exclude the water. In tight clays it is 
well to "blind" the tile with black soil to facilitate the entrance of 
water. In sand it is necessary to blind the tile with black soil 
to keep the sand from entering. 

It is a mistake to think that thorough underdnunage is harmful 
to crops, particularly in dry seasons. Tile cannot "draw" water 
out of soil, nor can they drain a soil too thoroughly. It is impos- 
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Bible to remove the capillary, or the useful water, by tiling; it is 
only the free or harmful water that is drained out. Tile may 
drain somewhat deeper than the depth they are laid. The capil- 
Ifiry rise of water may cause the water-table to drop below the tile. 
Drainage during the wet period may cause the water-table to drop 
lower during the dry period than it would if no water had been 
removed. The deeper root development encourt^ed by early 
drainage compensates for this apparent loss. 

Systems of Tile Drainage. — A tile system simply means the 
arrangement of the lines of tile designed to drain any particular 
Usually tile systems are made up of "mains," 
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and "sub-mains " (Fig. 54). A main carries and dischat^^ the 
water from an entire system. A lateral is a single branch drain 
into which no other line of tile dischai^es. One or several laterals 
may discharge into a "sub-main" which, in turn, empties into 
a main. ; 

The water of the areas to be drained and the slope of the land 
necessarily call for different systems of tile drainage, of which 
foin- are generally recognized — the "natural" system, the "grid- 
iron" or "parallel" system, the "herringbone" system and a 
"combination" of two or all three of these systems. 

1. Ihe Natural System. — When an irregular area is to be 
drained, the laterals and sub-mains have varying directions, and 
they must necessarily join the main in an irregular manner (Fig. 
54). This is called the "natural" system. 
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2. The Gridiron or Parallel System. — When an area requiring 
several lines of tile slopes uniformly in one direction, or when it 
sIopeB unifonnly towards two adjacent sides, the "gridiron" or 
"parallel" system is the most economical (Fig. 55). This system 
may also be used on level areas. 

3. The Herringbone System. — Sometimes land slopes towards 
a middle and lower area. In such a case the "herringbone" 
system is most convenient (Mg. 56). This system may like- 
wise be employed on level areas. 




Ltural ■yBtem; B. psTklls] 



4. Combination <rf Systems. — In actual practice it is usually 
necessary and convenient to combine the different systems of 
drainage, since conditions vary even in comparatively small areas. 
Figure 56 illustrates this. 

Outlets of Mains Should be Protected. — ^Exposed outlets of 
mains should be constructed to withstand frost, flooding or washing 
and tramping of livestock. Moreover, they should be protected 
by a screen to prevent th«r becoming closed by ajiythiog that 
m^t enter the mouth of the drains. Generally, it is best to use 
glazed sewer pipe for about ^ to ten feet at the outlet, laid in 
firm soil, or imbedded in concrete (Figs. 57 and 58). 

TUe Cheaper and Better Than Open Ditches. — In the loi^ run 
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it is best and less expensive to drain with tile than with open 
ditches whenever possible. With a few exceptions, an open ditch 
small er than m. feet deep, three feet wide at the bottom, and fifteen 



Pta. ST. — Tha two proMeted outlets to the drainiwe eystem on thia mmb ol 125 note 
Two ateel pipes Mreened By iron roda. 
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feet wide at the top, has no excuse for an existence; large tile 
should be used instead, or a surface-run combined with tile will 
work best. 

Tfle Combined With a Sutface-Run.— In constructing this 
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combination it is usually better to make the surface-run at one 
aide of the tile after the tile ia laid and when the land is dried 
sufficiently to permit horses to work {Fig. 59) . When completed, 
the surface-run carries the water during flood flow, while the tile 
works throughout the year. 



— Tile BombinBd with surfac 



Tile Drainage is Profitable.— (Figs. 60 and 61.) It costs from 
twenty to forty-five dollars an acre for complete tiling, but the 
benefits to be derived far exceed the cost, as is shown by the four 
typical examples in the following table : 

Coil and Benefits qf Tiie Drainage 



Aore. 


Conditions before drunage 


<£"^ 


Conditione after dnuiis«e 


90 


A 60-acrc field waa poor 
pasture, ajid a, 30-acre 
field was cultivated, but 
most of the crops failed 


82,200 


Pasture improved 300 per 
cent. The 30-acre field now 
grows six times the amount 
of grain as fonncrly, and no 


16 
40 


Was worthless for pasturing 

and cultivatton 
Grew willow brush 


% 700 
$1,000 


Fine com, clover and other 

crops are now produced 
Now grows most excellent 


240 


Land was of little value for 
pasture, and it produced 
no hay 


S2,360 


Splendid crops of hay and 
grain have been raised since 
drainage. The value of one 
crop offsets cost of tibng 



Vertical Drains. — Some vertical drains consist of openings or 
cracks in underlying bed-rock, and cracks or openings made in 
hard-pan * by the use of dynamite. It sometimes happens that a 



* A hard and impervi 



It may vary in thickness from a few inches to tliree feet and 



immonly called a hard-pan. 
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Binkhole, or a cavem in the underground rock, aEFords a splendid 
outlet for a ayatmi of tile drainage. 



I been grown on the uuna ownh 
perly drsioed. 

Now and then a drilled well, or one dug and filled with stones, 
furnishes the only possible means whereby water in basins can be 
drained out. Not all wella made for such a purpose prove success- 
ful — ^this one may fill with water, while another may bring to 
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the surface evea more water. The successful ones never fill, no 
matter how much water may drain into them. 

The most common vertical drains consist of ordinary drain tile 
placed in the ground vertically, end on end (Fig. 62). It should 
be remembered that the only conditions under wMch such a drain 
can work are : first, a porous or gravelly stratum should imderlie the 
impervious hard-pan or sub- 
soil; and, second, that stratum 
should be dry so that the drain- 
age water may flow away. 

Drainage by Means of 
Pumps. — The drainage of 
many low-lying lands is made 
possible only through the use of 
pumping machinery to lift the 
drainage water over levees into 
adj aeent streamsor other drain- 
age channels. The drainage of 
such areas is done by open 
ditches and tile — but all the 
drainage water discharges into 
reservoirs, and from them it is 
pumped over the levees. This 
kind of drainage, though suc- 
cessful in a number of the Euro- 
pean countries, is but Uttle 
developed in the United States. 
One of the most interesting 

Fib. 82.— a verti™! drain A poroui or pumplug drainage prOJCCtS 

SS^bs^d-pa^n"™ subSoii,1i^the*wltM'!SI^^t kjiowu 13 the great Haarlem 
h.v, . ch.n« .a flow .WW. (Wi,. station.! ^ake of HoUaod. UntU 1852, 

this lake was fifteen feet deep and covered about sixty-five square 
miles. Now this area, formerly a lake, is traversed by well- 
improved highways and is occupied by about 20,000 people. In a 
similar manner the Dutch Government (1913) authorized the 
undertaking of the complete reclamation of about 781 square 
miles of what is now the southerly portion of the Zuider Zee, 

IRBIOATION 

Irrigation Is Qie Artificial Watering of Land. — It is the opposite 
of land drainage. Irrigation is commonly thought of as a practice 



3d by Google 



OBJECTS OP IRRIGATION 127 

confined to dry r^ons, but this is not necessarily the case. In 
arid climates, irrigation is absolutely necessary to produce any 
crops at all, while in semi-arid sections, irrigation, where possible, 
makes crop production sure, and greatly increases the yield. 
In sub-humid and even in humid redone, because of the irregulari- 
ties in the time and amoimt of rainfall, irrigation is practiced to a 
greater or less extent. Both China and Japan, for example, have 
a large and a well distributed rainfall, yet irrigation is generally 



Fio. fl3.— Futrow irrigation in orchard in dry climate. (U. S. D. A.J 

practiced. In Japan alone, water is artificially applied to at least 
12,500 square miles of land, or about two-thirds of her culti- 
vated area.^ 

Objects of Irr^aidon.— The primary object of irrigation is to 
supply needed water to crops. Without irrigation, many thou- 
sands of square miles of land in the world would l>e deserts instead 
of fit places to live in; and hundreds of square miles of desert 
wastes are today being made to produce bountiful har\-ests just 
by supplying water to these thirsty lands. 

In the United States irrigation is confined largely to the western 
states, where many large irrigation projects are in operation or 

• "In China and Japan^ where they miiet rsiae large crops or Htarve, they 
have been compelled to ungate, although they have a larger summer rainfall 
than we . . . but they also fertilize heavily." — Kii^. 
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under couBtmction, bringing under cultivation millions of acree. 
According to the Thirteenth Census, there are in all about 
14,000,000 acres of irrigated land in the continental United 
States (Fig. 63). 

Irrigation or flooding proves beneficial and neceasaiy in growing 
certain crops, such as rice and cranberries. 

On irrigated lands flooding is extensively used to moisten 
flelds preparatory to plowing; and flooding, instead of tillage tools, 
is frequently employed to firm a seed bed prior to planting. 

In some sections irrigation is extensively practiced, supple- 
menting a good and evenly distributed rainfall, to make highly 
fertilized lands produce the highest possible yields. This is espe- 
cially true in densely populated countries, like China, for example. 

In some places irrigation is the means whereby fertilizing 
material is carried to the land — sewage from great cities like Paris 
and Edinbui^, for example. In several countries the water of 
rivers is used to fertihze meadows, and, in most cases, to supply 
needed water at the same time. 

How Inigatioii Water is Secured. — Before any area of land can 
be irrigated a source of water must be -provided. The most 
common sources are rivers. In such cases, a portion of the river 
water is diverted and conducted by means of canals, conduits and 
huge pipe lines to the area to be reclaimed, where it is turned from 
the main canal to branch canals which carry the water to the farms 
to be irrigated, to which it is dehvered by still smaller branches. 
It is interesting to read about or to see some of the wonderful 
engineering feats accomplished in some of the great western 
irrigation projects (Fig. 64). 

Other sources of irrigation water are lakes, large reservoirs 
made by constructing dama across goi^es or narrow valleys, and 
flowing wells. Water may also be secm-ed by pumping it from 
wells, streams and canals. 

How Irrigation Water Is Applied. — There are four ways in which 
irrigation water may be applied to land — by flooding, through 
the use of furrows, by spraying, and by subsurface irrigation. 
Flooding and the furrow method are the two approved methods 
of irrigation in irrigated sections. Whichever method is used 
depends upon the character of the soil, the lay of the land, the kind 
of crops, the water supply, and the "head," or the volume of water 
supplied to the unit of time. Under some systems of irrigation 
management, farmers are given large streams of water for short 
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times, and under other systems, they are given small streams for . 
longer periods. 

1. Flooding. — Floodii^ is a method of surface irrigation. The 
water applied covers the whole surface of a field either as a thin 
sheet of running water, continued until sufficient water has soaked 
into the ground, or as a sheet of standing water which is allowed 
to remain until the soil has absorbed enough. Flooding is usually 
practiced when the land is not too sloping and when irrigation 



Flo. 64.— Rooecvelt Dhid. Salt River. AriiorXH. One of the big da 
>te of coiutruction. IWS-II. , Approximate cost, SIO.000.000. Used u 



water is abundant. It is commonly done on fields cropped to 
small grains, alfalfa, and graces. 

2. Furrow Irrigation. — Furrow irrigation is a second method of 
surface watering. By this method the water is guided over the 
land in furrows, or channels, which traverse the whole field — 
the water covering only a part of the soil surface. Furrow irriga- 
tion is one of the most common methods, and is one of the best for 
all conditions. When crops like potatoes, com sorghum and 
sugar beets are grown, it Is usually best to irrigate by the furrow 
method after the crop is on the ground. This is also the commonly 
adopted method of all orchard irrigation (Fig. 63). 
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3, Spray Irrigation,— Spray irrigation is the process of applyii^ 
water to the surface of soils or to crops in the form of small drops, 
spray or mist. The first systems of spray irrigation were the out- 
growth of city lawn and garden sprinkling. It was soon found that 
through such spraying, small amounts of water could be applied 
advantageously to delicate crops, especially for supplementing 
an uncertain rainfall. 

The water used is conveyed to the field under pressure through 
pipes or hose. This system of irrigation is well adapted to those 
conditions in humid sections which demand small and frequent 



Fin. S6. — The Skinner aygtem at irrioaticm. A field piped (or ovnhewt (prar inisation, 
(U. 3, D. A.) 

applications of water in the preparation of the soil for transplanting, 
and for supplying quick-growing, market-garden crops and berries 
with the moisture they so much need for best growth, and especially 
to keep them thriving during dry periods (Fig. 65). 

4. Sub-irrigation. — Undergroimd or subsurface irrigation im- 
plies that the irrigation water is applied from below the surface. 
This may be accomplished through the use of open ditches and 
undei^ound tife, or pipes of iron, concrete, or wood. 

The open ditch method of sub-irrigation has proved successful 
to a limited extent in western America and in Florida. 

The underground pipe system of irrigation has not met with 
success, except under exacting soil conditions found in only a 
few localities. At Sanford, Florida, the same tile used in sub- 
irrigation also serves for drainage during wet s 
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Irrigated Farms Require Good Management. — Farms in irri- 
gated sections require cultivation and good management as do 
farms in humid regions. It has been found that cultivation after 
in^ation is very effective in conserving the soil moisture. Weed 
control is another important consideration. The diversification 
of crops on individual farms and in each irrigation section, and 
the production of livestock, should be given careful attention — 
not only to utilize labor effectively, but to help maint^ 
soil fertility. 

Many Irrigated Lands Need Drainage. — At first thought it 
seems strange, especially to one unfamiliar with irrigation condi- 
tions, that irrigated lands should need drwnage. Nevertheless, 
some areas, either directly or indirectly, have been converted into 
swamps by irrigation ; other areas have become water-logged and 
are unproductive; still other irrigated lands have passed from a 
state of high productivity to a condition fit only for wet pastures. 
Often the result of over-irrigation is manifested in an accumulation 
of alkali salts on or near the surface without any apparent wet 
condition. Other areas not irrigated also require drainage. Deep 
underdrwnage is necessary and is the only pos^ble means whereby 
these lands may be reclaimed. 

Aside from the objects sought in draining any soil, the thorough 
underdraJnage of some of these irrigated lands has an important ■ 
additional object; and that is, to provide an outlet for the down- 
ward moving water used to dissolve out the hannful alkali salts. 
For irrigated areas, drains of clay or shale tile are the best. The 
tile should be hard-burned, impervious, and free from foreign 
ingredients so they can withstand the harmful action of the 
alkali salts. 

Other Irrigation Problems. — Irrigation farmii^ has many 
features quite different from farming without irrigation. Aside 
from the problem of water supply, application of water, and the 
other problems already mentioned, there are many others that an 
irrigation farmer must either solve for himself or have solved for 
him. These problems relate to the best methods of irrigation 
under particular conditions, to the economic use of water, to the 
amount of water best for different crops, time best to apply water, 
frequency of appHcation, the maintenance of soil fertiUty, etc. 
Much information on these points is available, but lack of space 
here prohibits fiuiher discussion. 

Profits in Imgation Farming. — It costs more to produce crops 
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under irrigatioii than under rainfall. It follows, therefore, that 
the farmer's profits must be less with irrigation than without, 
unless the yields are larger or the prices he receives for his produce 
are higher. The prosperity of some of the irrigated sections of 
the West has been more largely due to increases in the value of 
land than to the proiits in growing crops. This may also be said 
of many sections in humid regions. 

According to some investigations made on irrigated farms in 
Utah and in an irrigated section in Montana, the average farmer's 
labor income' on these farms seems to compare favorably with the 
average labor income received by farmers of other states. 

Irrigation an Art of Andqui^. — When we learn of the advance- 
ments that have already been made in reclaiming arid lands in 
the United States, and of the almost ma^c transformations 
resulting from irrigation, we cannot but wonder at it all, and com- 
ment on the wonderful age in which we are living. Yet, when we 
consider the remains of canals and certain other ruins of ancient 
lands, including what is now Southwest United States — ruins 
which give us but a glimpse of the elaborate systems of irrigation 
operated by ancient and prehistoric peoples — we reflect the same 
sentiment expressed nearly three thousand years ago by that 
wise oriental king— "There is no new thing under the sun." The 
art of irrigation has thus come down to us as a prehistoric heritage 
to be improved by succeeding generations. 

Demonstrmtioiial Exercises. — Mal^rUil Needed. — 2 large baking-powder 

canBi 2 cubic feet of sandy soil; a, thermometer; 3 three-in^ clay tile; 2 10 X 
12 X 10-inch wooden boxes. 

To Demonstrate Th&t a Warm, Spring Rain Waims a WelUdrained Soil 
Quickly, While a Saturated Soil Remains Cold.— Procedure.— Fill 2 lai^ 
baking-powder cans within one-quarter inch of the top with a sandy soil. 
One can ahoutd be water tight and the other should have the bottom perforated. 
Satui^te and flood the one soil with cold water. Bring the other soil to the 
same temperature by passing cold water through it. Eteterciine the tempera- 
ture of the two soils. Now pour on each soil at least one-half a pint of warm 
water. (The warm water will pass through the drained soil but will run off 
the other.) Take temperature readings again and record results. 

Questions. — (a) Explain why warm springrainsdonot warm saturated soils. 

(6) Why do warm rains warm cold well-drained soils most effectively? 

(c) Name other benefits of good underdrainage. 

^ ' In comparing the profitableness of different systems of farm management 
or in deternuning the profits in farming, the farmer's "labor" or "managerial 
income" is the most convenient and accurate basis. Labor or managerial 
income means profits above total costs — total costs including interest on money 
invested and unpaid family labor. 
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To Demonstrate K)w Tile Woiks. — Ptocedtare. — Obtain three 3-inch 
clay or Bhaie tile and two water-tight wooden boxes about 10 X 12 X 10 inches. 
Cut two hoke in each box in oppoeite aides near the bottom, large enough to 
allow the tile to enter. Place one tile in the first box bo that the two ends 
will project from either side. Place the other two tile end to end, with the 
joint in the middle of the box and the ends of the tile projecting from opposite 
sides of the box. Make both boxes water-tight by means of paraffin or paint 
(do not seal the joint between the tile in the box oontaioing the two tile) 
and fill each box with sandy soil. Satm^te the soil in both boxes with water 
and note results. 

Questions. — (a) How do tile work under field conditions? 

(6) Are there any objections to the use of glased tile? 

(c) About what per cent of the drainage water passes through the walls 
of the tile? 

Laboratoi; ExerclBes (optional). — Material Needed. — Ditching spade; tile 
hook; a number of tile; a fewlaths; a drainage level; and whatever other tools 
found necessary. 

To Construct a Trench for Drain Tile. — The teacher can determine the 
method of procedure. 

To Became Familiar ^tii a Drainage LereL — The teacher should deter, 
mine the need of such an exercise, and plan sufficient work to meet the needs. 

Field Studies. — Observe wet areas, especially those due to seepage. Note 
the conditions of the subsoil. 

Observe any ^istem of drainage: open ditches, systems of tile drainage, 
outlet, results, benefits, etc. 



QUESTIONS 

1. What is meant by land drainage? 

2. Why do crops suffer when water stands too long on a field? 

3. Name other harmful eftects of the lack of drainage. 

4. Name and discuss the benefits of thorough dr^nage. 

5. Give reasons why some lands are wet. 

6. Discuss the need of land drainage in the United States. 

7. How may wet Unds be drained? Describe brieBy the different methods, 
. and conditions under which used. 

8. What is the first step in draining land? How may this information 

be obtained? 

9. What can be done with a spade in land drmnage? 

10. How can plow furrows serve as drains? Illustrate by a diagram or sketch. 

11. What ia a aurfaoe-run? What is Ua use and how made? 

12. Explain the uses of open ditches in kiid dr^nage. 

13. What are the objections in constructing many small ditches? How can 

these objections be overcome? 

14. What is meant by tile drainage? What are drain tile? 

15. How are tile laid, and how deep? 

16. What is meant by "line of tile"? Gradient? What relation is there 

between gradient and the size of tile to use? 

17. How may the grade line be determined in digging the trench for tile? 

Explain by use of diagram the use of grade lath. 

18. What is meant by "blinding" tile? 

19. How far apart should lines of tile be laid? 
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20. Explain why it is often best to ky two lines of tile in a wet draw between 

two areas of upland. 

21. How do tile work? Can land be too thorou^y drained? Explain. 

22. Explain and iUustrate by use of a diagram what is meant by a ^'stem 

of tile drainage, mains, laterals, and Bul>mains. 

23. What are the eystema of tile drainage commonly used? IUustrate each 

by diagram. 

24. Why is it best to have one instead of many outlets to a system of 

tile drainage? 

25. What is the smallest ditch that should, under most condiljone, be cod- 

atructcd? Explain. 

26. Is drainage profitable? Give an example. 

27. What are vertical drains? Describe by use of a digram the conditions 

under which a vertical tile drain can work. 

28. How is it possible to drain low-lying and flooded lands? 

29. Describe a drainage system which you have seen installed. 

30. What b the meaning of irrigation? To what kind of climate is irri- 

gation confined? 

31. Give the objects of irrigation. 

32. What are some of the sources of irrigation water? 

33. Name and describe the roethoda of irrigation. 

34. Do irrigated farms require less attention than farms not irrigated? 

35. WLy do some irrigated lands need drainage? 

36. What are some of the special problems that confront the irr^tion farmer? 

37. Ir irrigation farming profitable? 

38. Who invented the art of irrigation? 

39. Describe an irrigation system which you have seen. 
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CHAPTER X 
TILTH AND TILLAGE 

Ii^ROH earliest times it has been the experience of husbandmeD 
that cultivated plants grow best in soils that are stirred or tilled. 
In this modem a^ good tilth, good seed bed and intertillage are 
especially emphasized as important factors in successful crop- 
production. Good tilth is one of the factors determining fertility; 
and it has been defined as that physical condition of the seed bed 
with respect to mellowness and firmness that is favorable to plant 
growth {Chapter V). This condition is developed lai^ly 
through tillage. A good seed bed is not merely a layer of very 
loose, fine soil ; it consists, rather, of the tilled portion of the ground, 
loosened and pulverized until it is mellow, and at the same time 
possessii^ a fair degree of firmness (Fig, 66). The proper prepara- 
tion of the seed bed is fundamentally important in securing good 
yields of practically all farm crops; and, in case of crops planted 
in rows, subsequent cidtivation, or intertillage, is indispensable. 

Factors Determining Good TilQi. — ^The development of good 
tilth, or of a good seed bed, depends largely upon three factors: 
(1) the moisture content of the soil when worked; (2) soil struc- 
ture, and (3) the kind of tillage tools used. 

Any one who has ever operated a tillage tool knows that soils 
pulverize and work best when they contain a proper amount of 
moisture. Each farmer must determine for himself just when 
the soUs on his farm are in fit condition to work. 

The easy workability of soils of a sandy and crummy structure 
is well known. Heavy soils of compact structure require the most 
attention and effort to get them into good tilth. The crummy 
structure of the heavier soils depends largely upon the amount 
of oi^anic matter they contain, since the organic matter binds the 
soil particles into crumbs or granules. It is a common experience 
with some farmers that certain soils are much more difficult to 
work and pulverize now than years ago, for the reason that the 
oiganic matter has been largely removed or used up, and too little 
attention was given to maintmn or increase it through the growth 
of grasses and clover, and through the use of manure. The fre- 
quent growing of grasses and clover on heavy lands greatly aids 
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in changing the structure of such soils, because the fine roots and 
other organic matter prevent the individual grains from running 
together. This explains why sod ground and some black, crummy 
soils can be plowed when quite wet without any appreciable harm. 
When the roots and organic matter are used up, the soil loses its 
acquired looseness and crumbly characteristic. Even sandy soils 
till better when they contain a good supply of organic matter. 
Because of its influence on soil structure and on tillage, t he organic 



Fio. 66. — Ad eicdlent eeed bed prepared foi alfalfa. 

matter of soils should be maintained, and in many soils, increased 
if possible. 

Tillage Tools. — Numerous kinds of implements have been 
devised to prepare the ground for planting, and especially to care 
for many of the crops during early growth. There are many differ- 
ent kinds of plows, harrows, rollers, clod crushers, weeders and 
cultivators. Aside from these there are many seeding and planting 
implements which in themselves perform various tillage opera- 
tions in addition to sowing the seed. 

Frequently the real purpose of a tillage implement, or the 
principle upon which it is built, is overlooked; and too often a 
machine b purchased merely because of some new device, or some 
extra lever, rather than on the quality of the work it caji do, or 
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because of its adaptability to the soil In which it is to be used. 
It should be remembered that every good implement is designed 
to do a certain kind of work, and, in most cases, in a particular way ; 
and each one is built with certain adjustments so that it can be 
regulated to meet varying conditions. 

Hie " How " of Tillage Depends Upon the " Why." — When the 
specific objects of tillage are kept in mind, and the principles 
governing the methods of tillage are clearly understood, there can 
be Uttle difficulty in deciding upon the kinds and types of machines 
to use, and when best to operate them. 

The Objects of Tillage. — The objects of tillage are: to loosen 
and pulverize the soil, to deepen the seed bed, to crush lumps and 
break crusts, to turn under coarse Utter and v^etation, to com- 
pact the seed bed, to kill weeds, to enable soils to catch and thus 
store more moisture, to conserve soil moisture, and to mix fertil- 
izers and other materials into the soil. Two or more of these 
objects may be accomplished in one operation. 

Principles Goveming Tillage. — Some of the principles govern- 
ing tillage may be stated as follows: 

(a) A mellow and firm seed bed is necessary to favor ger^ 
mination, and to enable yoimg plants to develop good, strong 
root systems. 

(ft) The liberation of plant-food elements through the action 
of oi^anisms and other agencies is favored when soils are well 
aerated. Aside from drain^e, tillage promotes the exchange of 
air in soils. 

(c) The fact that capillary water in soils rises from soil particle 
to soil particle makes it necessary that the soil particles within 
the seed bed and between the seed bed and the subsoil be in close 
contact with each other (Chapter V). 

(d) Since soil moisture readily evaporates when the surface 
soil is firm and compact, it iseseential that a soil mulch be developed, 
wherever necessary and practicable, to check or lessen this loss of 
moisture (Chapter VIII). 

(c) Heavy, compact soils can be made to trap and thus store 
more moisting when they are loosened, plowed or subsoiled. 

(/) The natural, crummy structure of the heavier soils may 
be easily destroyed when they are worked too wet. This creates 
a "puddled" condition which is unfavorable to plant growth. 

((() Weeds should be destroyed. 

In the following paragraphs these objects and principles are 
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considered in relation to the different tillage implements. It is 
convenient to divide the discussion into three parts: (1) Prepara- 
tion of the seed bed ; (2) seeding and plantii^, and (3) cultiva- 
tion and intertillage. 

PREPARING THE SEED BED 

The Plow the First Implement. — 'The firet tool commonly used 
in the preparation of the seed bed is the plow. Because of its 
importance, it has been called the greatest tool in the advance- 
ment of a^culture. Long before the invention of the modern 
plow, tillers of the ground so fully realized the great necessity of 
some kind of implement to loosen the soil preparatory to planting 




Fia, S7.— DiacTBn 



ig th« pulveri] 



that many of them used a crooked, wooden stick. A modem 
. moldboard plow is a comparatively plain tool and seems a ^mple 
invention, yet the history of its evolution reads like a romance. 
Because of its ingeniously devised steei moldboard, the modem 
plow can turn practically any kind of soil, and at the same time 
pulverize it more or less (Figs. 67 and 68), Certain equipment is 
required to increase the efficiency of the plow; such as, jointers 
and coulters, to cut sod into strips so it can be turned and to aid 
in turning under weeds, grass and litter; the gauge wheel, to aid 
in regulating the depth of plowing;! and clevises, for draft 
adjustments (F^. 69 to 74). ' 

Plowing Stubble Land. — Stubble land, or old ground, is land 
on which small grains and cultivated crops have been grown. 
Plows designed for such lands are called stubble plows. Their 
moldboards are short, high and have an abrupt turn. Because of 
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FiO. 68.— The work of the plow. The center of Uub plowed area is the back furrow. 
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this type of moldboard, the soil is thoroughly pulverized when 
turned — provided it is in fit condition to be plowed (figs. 71 
and 72-1). 



b 
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Fio. 71.— Firat pri» stubble plowing. 



Plowing Sod. — The only way to turn a prairie sod, or any old,' 
tough, grass sod, is to use a prairie-breaker type of plow (Figs. 72 
and 79). This type is bijlt with an easy-turning moldboard 
which turns the furrow slice over flat, t^inst the preceding one 
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Fig. 72.— Tbr«« typ™ of plow_bottom»: 1. stubble bottom; 2, | 
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without breaking it very much, and in a way which facilitates 
the decomposition of the sod. 

Ordinary sod is turned best with a sod plow, or one having a 
moldboard adapted for either sod or stubble (Figs. 72 and 78). 
The moldboards of such plows are somewhat longer, and turn the 



Fia. 7S. — Wrooa way of plowing lod. (Humid (anniac.) 
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furrow slice more slowly than those of the stubble plows. Sod 
turned property is much more ea^ly made into a good seed bed 
than when poorly or improperly plowed (Figs. 75, 76 and 77). A 
stubble plow, under average conditions, cannot turn sod the way 
it should be turned (Figs. 78 and 79. Compare with Fig. 77). 



Fio, 76. — IWght »»y of plowing sod. {Humid fsrmias.) 

When Disk Plows Are Used. — Some soils, because of their con- 
dition or peculiar characteristics, can be plowed successfully only 
with a disk plow; these are dry and hard, sticky, waxy or gumbo 
soils, and other soils in which a moldboard plow will not scour ' 
(Fig. 80). The disk plow may be used on stubble land when the 
depth of plowing is five or more inches. It is not recommended for 

' Moldboards, disks, cultivator shovels, drill shoes and hoes should always 
be kept clean and free from rust when not in use. Most farmers use axle 
grease to keep them from rusting. Frequently plows retuae to scour simply 
becauae their moldboards were aUowed to rust. 
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Fia. 77. — Whkt bappeoa wbea (od is plowed with a etubble plow. 



Fia. 7S. — Elnt pri» sod plowlai. 

It u not ao tirinc. sir. to plow well. 

For your nuDd is intwHted. (Eagliah Plo 



sod or light, loose soils when it is desirable to plow less than five 
inches deep. The moldboard plow is rect^nized as a universal 
plow. The disk plow is brought into service only when the mold- 
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board plow cannot be used. The disk plow may be used succesB- 
fully in plowing loose peat soils. 




Fio. 78.— A ptiOrle bmker. 

Best Time to How. — The beat time to plow depends largely 
upon the object to be attained. Since nearly all plowii^ is done 
in the fall and spring, it would be well to consider here a few 
important points concerning fall and spring plowing. 



Fio. so.— One tyw of diak plov. 

Fall Plowing. — Usually farmers find it convenient to plow in 
the late fall, because farm work then is not so pressing as in other 
seasons; moreover, the congestion of work in the sprii^ is much 
relieved when the plowing b done at this time. When soils are 
to be plowed deeply, or when the seed bed is to be deepened, late 
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fall plowing is best. This results in less loss of nitrogen through 
leaching, and in the development of a firm seed bed. I'urthermore, 




Fin. 83.— Tbe <rork oT > aubsnil plow. 

when any "raw" subsoil is turned up, it becomes thoroughly 
weathered before planting time. 
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Other advantages of late fall plowing are: (a) It favors the 
development of granular or cnumny structure, and hence good 
tilth, in lumpy and heavy soils; (p) many crop pests are destroyed, 
such as white grubs and aphis; (c) coarse Utter turned under is 
penuitted to decompose partially, thus establishing better contact 
between the seed bed and the subsoil, and providing a better 
supply of available plant-food elements; (d) soils plowed in the 
faU are seldom too wet. 

Fall plowing is usually best for wheat, and is commonly 
practiced when com follows sod. 

In dry-farmii^ sections it is often best to plow immediately 
after a grain crop is harvested; for two main reasons: (a) the soil 
plows better because of the moisture it contains, and (6) soil 
moisture b conserved. 

In some sections farmers hesitate to plow much of their 
'young" sod land in the fall, because if they do, they may be 
left without any hay land the next season if, perchance, the new 
or spring seeding is winter-killed. 

Land that is fall plowed should be left rough, unless it is plowed 
early and sown to a cover crop or winter grain. 

Spring Plowing. — Usually much plowing is done in the spring, 
largely because time does not permit all of it to be done in the fall. 
At thb time of the year there is much danger of plowing some of the 
heavier soils when too wet. This is harmful, because the crummy 
structure of the soil is destroyed, and a "puddled" condition 
results. This explains why some heavy silt loams, clay loams and 
clays are so hard and lumpy. A puddled soil is not necessarily 
mud. When a wet clay, for example, is worked, the crumbs, if 
any, are broken up and the soil particles run tt^ether, forming an 
impervious mass; in other words, the clay is puddled. On drying 
the mass becomes hard. The action of the plow is suiGcient to 
produce a puddling effect when a heavy soil is plowed too wet. 

Spring plowing is best for sands that are subject to "blowing." 

Late spring plowing permits the plowing under, for soil im- 
provement, of green crops which ordinarily do not make suffi- 
cient growth in the fall to turn under at that time. Rye is a 
good example. 

Moderately Deep Ptowing Best — In gen^^, best results are 
secured when soils are plowed moderately deep — from six to nine 
inches. In a deep seed bed most plants develop deep, strong root 
G^ystems, thus enabUng them to seciue a good supply of moisture 
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and plant-focxl elemeuta. On deep, rich soils deep plowing is not 
absolutely necessary. On the better soik it is not necessary to 
plow deep for small grains — three to four inches is usually better 
than six inches. On the poorer soils fall plowing to a depth of six 
inches for grain is often more desirable than shallow spring plowii^. 
For corn, and especially for the sugar beet, a deep seed bed is to 
be preferred. 

Deep hillside plowing is frequently recommended for fields 
that wash easily (Fig. 84). This causes much of the rainfall to 
soak into the ground, thus checking or lessening the run-off. All 
hillside plowing should be done at right angles to or across the slope. 




Fio, Si.— HiUsids plow. (Wklldog type.) 

New or vii^in lands seem to produce best when initial plowing 
is comparatively shallow. Since in such soils the helpful soil 
ot^anisms necessarily inhabit a shallow surface zone, too deep 
plowing buries them so deep that they cannot properly perform 
their function in making plant-food elements available. 

It is good farm practice to vary the depth of plowing from year 
to year. If a soil is always plowed at the same depth, the tramping 
of the horses and the weight of the plow on the furrow bottom 
tend to compact and harden it, causing the formation of a so-called 
"plow-sole." This dai^r is greatest in wet clay soils. A plow- 
sole is detrimental because It retards or prevents percolation, 
entrance of air and root penetration. 

Subsoiling and Deep Tilling. — Plows have been built to stir the 
soil at greater depths than can be accomplished by the"common 
plow. These implements are called suteoilera and deep-tillers 
(Figs. 81, 82 and 83), A subsoil plow is used when the subsoil is 
so compact that water and roots cannot penetrate it. This imple- 
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ment follows the common plow, and cuts a thin, deep gash in the 
bottom of the fmrow; thus loosening the subsoil without mixing 
it with the surface soil. Subsoiling is not a general practice in 
humid farming, since results do not seem to warrant the extra 
expense, except under unusual conditions. The subsoiler should 
never be used in Ught, sandy loams, sand or gravelly soils. 

Deep tillii^ through the use of other plows designed for this 
purpose generally do not give the returns above the extra cost to 
eocour^e this practice. 



Dynamiting Soils. — Dynamite has been used in some places 
to break up and loosen impervious subsoils to facilitate the entrance 
of air, water and roots. Though it proves a good practice, when 
necessary in tree planting, its general use is still an open question.* 

More About Hows and Plowing. — Special plows are designed 
for hillside plowing (Fig. 84). The bottoms of the walking types 
swivel for rights and left-hand furrows, and the sulky types consist 

' Subsoiling, deep tilling, and soil dynamiting are all operations that 
increaBe the expense of production over that of ordinary plowiog. Experi- 
menta conducted in both dry-land and humid fanning all lead to the conclumoa 
that yields cannot be increased nor the effect of droi^t overcome by tillage 
below the depth of ordinary plowing. — Jour. Agril. Research, Sept. 9, 1918. 
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of two bottoms, a right-hand and a left-hand plow. The use of 
these plows enables the operator to work back and forth across 
the field, throwing the furrow slices all the same way. He ascends 
the hill as he progresses and leaves no back furrows (Fig, 86) 
or dead furrows. 

While the walking plow is still used by many farmers, the sulky 
type is coming into general favor. With its modern improvements 
the sulky plow lessens the draft, is simple to operate, and saves the 
strength of the operator. 



Fia. 36. — The first round. The back furrow. 

The gang plow is also becoming a common implement (Fig. 85). 
With such a plow one man can operate two or more bottoms, and 
it can be drawn with horses or a light tractor. This helps to solve 
the labor problem. The three-bottom gang is a common light- 
tractor plow, though on the smaller farms the two-bottom gang 
h usually preferred. On large prairies, where immense tracts are 
farmed, ten, twelve and fourteen-bottom, large-engine plows 
have been in use (Figs. 87 and 88). 

Ptowing Does Not Make a Seed Bed.— Seldom can a seed bed 
be properly prepared through plowing only — other tillage operations 
are necessary, depending on the condition of the plowed ground, 
the kind of crops tn be grown, and the method of fertiUzation. 



3d by Google 



TILTH AND TILLAGE 



Fia. 88.— A 14-bottoii) bic eofiue plow 
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Just what to do to complete the preparation of the seed bed 
depends largely upon how clearly the fanner understands what 
constitutes a good seed bed, or good tilth. 



Fia. 8S.— The full diak huTaw. 



Fio. 90. — A double diak hurow, CuMwm]' diak in reu. T, truok or foreearrUfe. 

After Plowing, Harrowing. — The implements commonly used 
after the plow are the disk and smoothing harrows (Figs. 89, 90, 
91 and 92). No other tillage tool can pulverize the soil so thor- 
oughly and quickly as the disk harrows. Of these, the full disk is in 
miwt general use. When the ground is very hard, stony, or when 
it is tough sod, the cutaway disk is especially good, liie spading 
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disk harrow is frequently used on fields infested with quack grass, 
to bring the roots to the surface. It is always best to lap the disk 



harrow half to get best results in pulverizing fall plowed lands, sod 
or lumpy soil — except when two disk harrows are used in tandem. 
The degree of pulverization dep^ds upon the angle at which the 
disks are set. 
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Commonly, the disk harrow is ail that is required to prepare 
a g;ood seed bed for small grains on potato and com land. For 
weeding and summer fallowing' these machines are indispensable. 

Sometimes it is desirable to use the disk harrow on land before 
it b plowed; to break up the surface crust or lumps, to cut up 
and work trash into the seed bed, and to conserve moisture. 
When disking is done for the first two reasons, the fiurow sUce 
comes into more intimate contact with the subsoil. 

When the seed bed has been made sufficiently mellow or loose 
through disking, the smoothing or drag harrows are used to give 
the finishing touches. 



Spring-Tooth and Acme Harrows {Figs. 93 and 94).— The 
spring-tooth harrow is a most efficient tool on rough and stony 
ground, and on new land in wooded sections. It may also be used 
instead of the disk harrow, for pulverizing sandy and gravelly soils; 
and it may be used effectively in alfalfa fields to loosen the soil and 
eradicate weeds and grass. It is a more effective tool than the spike- 
tooth harrow. 

The Acme or blade harrow is used to a considerable extent in 
some sections for pulverizing, compacting and for killing weeds. 
This machine gives best results on loamy soils free from stones. 

' Summer fallowing is thfi tillinK of uncropped land durinR the 

This may be done with the plow or harrow. The common objeota of ai 

fallowina are: to kill obnoicious weeds, to store rainfall of one year for the 
next, and to conaerve moisture. 



3d by Google 



154 TILTH AND TILLAGE 

Ptankers. — Sometimes, aa in tobacco culture, and in market 
gardening, the planker is used when it is desirable to leave the 
surface particularlv even and finely pulverized without firming it 



FiQ. S4. — Spring tooth harrow. 

(Big. 95), This tool is usually made out of three to four eight- 
inch or ten-inch planks bolted t<^ether with their edges overlapping. 
The planker is not a compacting implement. 




Fla. es.— Flanlur. 

Rollers and Clod Crushers. — Lumps are easily broken by means 
of rollers and clod crushers {Fig. 97). Very often, after harrowing, 
the seed bed is too loose or has not sufficient contact with the sub- 
soil. If such be the case, rolling is necessary to compact the soil. 
Of all tools used for this purpose there is none better than the cor- 
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rugated roller, or, as it is often called, the cultipacker (Fig. 96). 
This machine crushes lumps, compacts the soil and at the same 
time leaves a thin mulch in the form of a corrugated surface. 



Fia. 98.— The P 



Whenever a smooth or drum roller is used, it should be followed 
by a light spike-tooth harrow, with the spikes tilted, to form a 
mulch to conserve the soil moisture. 




Pio. B?. — Thie« oUi«r typw of roDen. 



I, unDOth or drum roller; 



Muck, peat, sand, sandy loams and many loose silt loam soils 
are especially benefited by a cultipacker. When muck and peat 
soils are made firm they warm up quicker than when left loose. 

The roller should never be used on the heavier soils when they 
are wet, but rather when they are in good working condition. 
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Soil conditions determine lai^ly the different methods and 
types of machines used in seeding and planting; and the prepara- 
tion of the seed bed is a most important factor in getting seeds 
well planted. 

Good Seed Bed Favors Planting. — ^The advantages of a finn 
seed bed thus far discussed have been in relation to the germinating 
seed and the plant. Another advantage in having a firm seed bed 
is, the depth of planting can be easily controlled. Too often, 
gmn, for example, is planted too deeply because little or no con- 



Fio. 93.— Proa drill. 

sideration is given to the looseness of the soil. If a drill is set t« 
sow at a depth of one and one-half inches and the wheels sink down 
three inches in the loose soil, then the seeds are dropped at a depth 
of four and one-half inches. Grain seeds planted so deep may die 
for want of sufficient air, the stems may meet with too much 
resistance and never get through, or the food stored in the seed 
may become exhausted before the shoots reach the surface, 

PUnting Seeds in Close Contact With Soil. — The importance of 
having good contact between the seed and the soil, or having 
the soil pressed on the seed, is emphasized in the fact that com 
planters, beet seeders, cotton planters and other planting machines 
are provided with press wheels. The use of water in transplanting 
is not only to supply easily available water, but also to cause the 
soils to come in close contact with the roots. Press grain drills 
and press-wheel attachments for the ordinary grain drills are also 
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in use (Fig! 98). Such grun drills are recommended for sandy 
soils and when trouble is experienced in planting, due to high winds 
blowing the soil and displacing the seed. In either case, the soil is 
pressed firmly on and around the seed; thus making germination 
more sure, and, in case of blowir^, the seed with the soil pressed 
around it is held more firmly. Other drills are shown in Figures 
99 to 101. 

It is especially desirable to have excellent tilth when sowing 
grass seeds. Usually when alfalfa is to be sown broadcast on loose, 
loamy soils, best results are seeing when the ground is rolled 



Fia. 96.— Single disk grun driH 

after harrowing or disking, then "dragged" with a light, spike- 
tooth harrow, the seed sown, the land dragged again to cover the 
seed, and finally the seed bed rolled with a corrugated roller. This 
provides a fine, firm seed bed, insures proper depth of planting, 
creates good contact between the seed and the soil, and provides 
a thin mulch to lessen evaporation. If an alfalfa drill is used, then 
only the roller is necessary after seeding. 

Drills vs. Broadcast Seeders. — There are two classes of grain 
sowers— drills and broadcast sowers. Compare Figures 100 and 101. 
Of each of these there are several types. In some sections, farmers 
have definite knowledge as to which kind is best and most economi- 
cal; while in other localities much difference of opinion prevails. 

The drill has several advantages over the broadcast sower, viz.. 
the seed can be planted at a uniform depth, less seed is required, 
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yields are better, and grass, clover and alfalfa have a better chance 
when grain js sown in drills. In general farming, the single disk 
drill is the most common, because it can do first-class work in any 
soil capable of being seeded. Many soils do not permit a satiafac- 



Fia. 100. — BroadcMt ar»in iowor. 

toiy use of the shoe drill, because the shoes do not scour. On 
stony ground and in breakings full of roots, the hoe drill gives 
especially good results. 

Broadcast sowers are in general favor in the oat and com 
sections (F^g. 100), and many are in use elsewhere. These imple- 



Fio. 101.— Two othar types of gttia drills. A, hoe drill; B, iboa drill. 

ments scatter the seed on the ground, and some other machine 
must follow to do the covering. Some of these machines are broad- 
cast sower and cultivator combined (Fig. 105) . Here the seed is scat- 
tered over the loosened soil and is covered by the cultivator teeth. 

Many farmers, especially those in the oat sections, simply 
broadcast the seed on unploired and undisked corn land, then cover 
the seed by disking. This is possible only where soils are fertile 
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and where they seldom become hard and compact. This may seem 
a careless way of farming to those unfamiliar with the conditions 
encouraging this practice, yet it proves economical and gives 
good returns. Disking the corn or potato land to a shallow 
depth before broadcasting is the common practice with many 
farmers, and this is considered better than when no disking is 
done before seeding. 



Fici. 102.— Uater. 

When Diskii^ is Better Than Plowing. — When oats are to be 
sown on potato or corn land in a high state of fertility, disking 
proves better than plowing. Many farmers have found that 
they can also grow better barley when the land is disked instead 
of plowed. This is especially true on black, crummy prairie soils, 
and crummy silt loams on many dairy farms. It is the experience 
of many dairy farmers that oats and even barley stand up better 
when such lands are not plowed. 

Listing is primarily a method of planting corn in dry sections 



3d by Google 



TILTH AND TILLAGE 



particularly in the eouthern and southwestern states where Ught 
soils predominate, and where hot and dry weather often prevails 
during the growii^ season. The seed is planted in the bottom of 



Flo. 103. — Work done by ■ lister. (Kuuu SUtion.) 

furrows made by a lister or middle-breaker, and later on, the fur- 
rows are filled by cultivation after the com is up. This method 




enables the roots to penetrate the soil deeply, and insures a better 
moisture supply (Figs. 102, 103 and 104). 

One method of listing com is to fall plow, give the land a fair 
amount of disking or cultivation in the spring, then plant by 
using a machine which is a lister and planter combined. Another 
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way ia to list the land in the fall — and in the aprii^, the corn is 
planted in the furrows made by opening the previously made 
ridges or beds. The opening of the ridges ia done by a lister or 
middle-buster. The middle breaking and planting are commonly 
done at the saiae time by the combination lister and planter. 
Frequently com is planted with such a combination machine with- 
out any previous preparation of the land. Especially is this true 
when com follows com or cotton. 

Cotton is commonly planted in furrows in a similar manner 
as Usted com. 



Fla. 105. — BriHkdsut Ksdar and auWvktot. 
CTJLTrVATION AND DJTERTILLAGE 

Cultivatioii, in its broad sense, means the act of tilling — but it 
is commonly understood to mean tillage done by cultivators. 
There are some tools designed to cultivate the land before planting, 
others that cultivate to cover the setxJ sown by them, and still 
others are designed for alfalfa fields (Fig. 105). The ordinary 
cultivators, however, are used for intertilltige. 

Why Crops Are Cultivated. — The objects of intertillage are 
commonly given as: (1) to kill weeds; (2) to conserve moisture, 
and (3) to aSrate the soil. 

In humid farming it is generally recognized that the killing 
of weeds is the primary importance of cultivation. This is espe- 
cially tme on soils in good tilth, and when frequent rains occur 
(Chapter VIII). 

Cultivation to conserre moisture is good practice in all dry-land 
farming, and in sand management. On silt loams in humid 



3d by Google 



162 



TILTH AND TILLAGE 



sections conservation of moisture and aeration are sometimes 
questioned, because different reeults have been attained under 
different conditions. A few of these results are of interest. 

In Illinois. — On the common corn-belt soil of Illinois (brown 
silt loam) the following nine-year averages in corn were obtained: 



MeUiod ot oultivBtJ 



d plowed, seed bed prepared, culti^^ted 3 timea 



In Minnesota, during a dry year, the following com yields 
were secured on a "black loam soil containing considerable sand": 



Method ot cultiv&ti 



(a) When all weeds wore allowed to ^w 

(6} When weeds were cut with hoe without stirrii^ aoil 

(c) When cultivated 6 times (3 timea each way) 



0.4 bushels 
45.8 bufihelB 
50.6 bushels 



In Wisamsin. — On a heavy silt loam (Miami) the following 
results were secured during a year in which no beneficial rain fell 
during the period bettveen July 3 and August 12: 



Msthod of cultivation 


Yield 


Rated 


Cbantcter 

of growth 


(a) Land plowed, seed bed prepared, weeds 
kept down with a sharp hoe, soil not 
stjired in the least. 

(fc) First two cultivations 3.5 inches deep: 
subsequent cultivation shallow, and 
as often ss was necessary to kill weeds 
and maintain a good mulch. 


44.6 
bushels 

74.8 
bushels 


70 
percent 

99.5 
percent 


Uneven 

Excellent 
and unifonn 



During a dry summer following a wet spring (1916), the follow- 
ing results were obtmned in growing soybean hay in rows on sand 
at Hancock, Wisconsin. Very little rain fell between June 30 
and August 15. 



Metbad of sultivatioD 



(a) No cultivation, but we 

the least possible. 
(6) Frequent cultivation 



« cut with a hoe; soil stirred 



1875 pounds 
3660 pounds 
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Most fanners know the value of cultivation if for no other 
reason than to kill weeda; and when this is well done, the soil is 
usually kept well mulched and aerated. Crops on heavy soils, 
in particular, should receive careful attention in regards to culti- 
vation. Too often cultivation is done as a matter of routine. 
Some plan to go through their com, or other fields, three times or 



FiQ. 106.— A e-»boveled lulky oultivBtor. 

four times, with no thought as to the proper time in which it should 
be done, and with little thought as to why. 

Cultivators. — Intertilli^ may be done through the use of sev- 
eral types of cultivators — each type designed to do its work in 
some particular way or to meet particular soil conditions. The 
shovel cultivators are the universal or most common implements. 
Of these, the six- or eight-shoveled sulky or riding cultivator has 
met with greatest favor, because of its general adaptability (Figs. 
106 and 107). Many prefer the three-shoveled gang, while others 
the foiu'-Bhoveled. Many different styles of these and other types 
of cultivators are made, each with various adjustments. 
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The sprii^-tooth gang cultivator (Fig. 108-A) is a very effective 
tool and it can be u^ under varied conditions, though in the 
heavier soils cultivators with rigid teeth do better work as a rule. 

The surface cultivator gives good results in loamy soils and 
when they are comparatively dry (Fig. 108-C). In soils free from 
stones the blades may be sharpened to cut such weeds as thistles, 
quack grass, etc. When soils are comparatively moist, this machine 
does not stir the soil sufficiently to cover and kill email weeds, 
because the soil simply slides over the blades and the tiny weeds 
are but little disturbed. 



Fio. 107. — A two-row riding oultivator. 

The disk cultivator is quite commonly used in some locaUties. 
They do not seem to meet with general favor, though many were 
purchased when they first appeared on the market (Kg. 108-B). 
This type of cultivator is looked upon by some as a fad. 

Lister cultivators are made especially for listed com for first 
cultivation (Fig. 108-D). The ordinary two-horse, shoveled culti- 
vator is used for the later cultivating. 

Many styles of walking cultivators are in use (Kgs, 109 and 
110). In some sections these are generally used, while in others 
the conunon walking typo is uaed when com becomes too high for 
the sulky. Walking cultivators are especially favored by gardeners. 

When to Cultivate. — The best time to kill weeds is when they 
are small or when the seeds are germinating. In order to do this 
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at the proper time the farmer must observe closely and often the 
condition of the different fields. Growing weeds may be killed 




Fio, 108. — Othw tyi>«a of ridioc oultiv&tora. A. four-ahovet. Bpting-tooth f^ 



through cultivation in three ways: (a) They may be loosened 
and exposed to the drying sun; (b) they may be covered and 



<^ 



mtf 



Fia. 100.— Two typ» of ii;alkin| cultivators. A, BeVEOvhovel one-hone cultivBtor; 

smothered with soil, and (c) they may be cut off or covered with 
soil to prevent theu- manufacturing any food. In the last one, 
much diligence and close watching is required. Some prefer to 
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kill obnoidous weeds in the third manner by summer fotlowiag, 
quack grass and Canada thistles especially. 

Cultivation to conserve moisture should be done before the 
land is allowed to dry out. A good mulch should be prepared 
at the beginniog of a dry period. 




Crops on heavy soils are best cultivated, especially for the first 
time, when the moisture conditions are right. When this is done 
subsequent cultivations are made much easier because a layer of 
well-loosened soil prevents baking. 

Some soils, particularly the black lowland silt and clay loams, 
shrink considerably when they dry out, causing big cracks to form. 
Such lands should be cultivated frequently to prevent as much 
as possible the formation of these cracks, and to fill them when they 
do occur {THg. 111). 
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Shallow Cultivatioii Gives Best Results. — In humid farmii^ 
results in general are in favor of shallow cultivation. The only 
time when it is safe to cultivate deep at all is when the plants are 
very young, and before they send their feeding roots into the 
surface soil. Much harm results in deep cultivation (four to five 
inches), in cutting these feeding roots. The only way to determine 
whether or not cultivation is too deep is to investigate what the 
cultivator teeth are actually doii^. If the shovels next to the row 



Fia. 111.— Oraolu like Ume ue nudatute oMiDiMyB. 

are going too deep and cutting the roots, they may be raised ; and 
if all the teeth are doing injury they should be set for more 
shallow work. 

Level Cultivation Generally Best — Hilling com does not 
increase the yield, hence level cultivation is more desirable. In 
some locahties hilhng the com is a common practice because it 
has always been the custom, A fanner gets the hiUing habit when 
he allows the weeds to get ahead of him. It then becomes neces- 
sary to throw much dirt on the rows in order to cover the weeds. 
If this must be done, and in some instances it is necessary to cover 
such weeds as the wild morning^lory later cultivation should be 
done, if possible, at right angles to the ridges to level them. In 
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this respect planting corn in check rows is advantaKeoug. Because 
of the action of the shovels, proper cultivation leaves a slight slope 
between the rows. 

The high hilling of potatoes has no particular advantage. 
When this is done more surface is exposed and hence more moisture 
is lost through evaporation. When potatoes are grown on the 
heavier, compact soils, digging is made easier when they are 
ridged a little; and, moreover, the throwing of some loose dirt 



FiQ. 113. — W»]king waeder and its work. 

on the hills becomes necessary as the potatoes advance in growth 
to protect the tubers from sunbuming, since in many silt loams 
the growth of the tubers causes cracks to form around the hill, 
which let in the light. 

Weeders. — {Pig. 112). The weeder is a weed-killing and mulch- 
ing tool consisting of many narrow spring teeth. It is adapted for 
killing very small weeds in com, potatoes, etc., either before or 
after the plants are up. This is not an effective tool when weeds 
are quite large or when the ground is at all hard or heavy, 

A light, spike-tooth, smoothii^ harrow is often used in place 
of a weeder. 
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Emergen^ Tillage Operations.— Sometimes it is not convenient 
to compact the seed bed or break lumps before planting. In this 
case, if the soil is still too loose or lumpy^ grain and even com land 
may be rolled after the crop is up. This should be done when the 
plants are small. 

When grain is grown on heavy soils, it ia beat to leave the seed 
bed covered with a layer <rf small, loose lumps. This is not so favor- 
able for the formation of crusts as in case of finely pulverized soil. 

Heavy rains often pack the soil so firmly after the crop is 
planted that hard crusts form, which prevent the penetration of 
shoots and stems, A spike-tooth harrow is often used to break 
the crust, and sometimes a roller gives best results. Beans often 
break their necks in trying to get through a hard, crusty soil. In 
such a case the hoe or the careful use of a cultivator is beat to 
break the crusts. 

Home Experiments and Projects, — To Damotutnte That it Pays to CnHi- 
Tetecom. 

Procedure.- — Secure a Hmall plot of ground, preferably heavy, silt loam 
(about ^ acre), and divide equally into tnraeparta. Treatment up to culti- 
vation time should be the same on all plots. Fmnt each plot to the same kind 
of oom. Give the com on plot No, 1 thoroush cultivation, and maintain a 
good mulch especially durine dry periods. Plot No. 2 is to receive no eulti- 
vation at all, but all weeds should be kept down with a sharp hoe. The soil 
should not be stirred in the least. All weeds should be allowed to grow in 
plot No. 3. At harvest time cut out the row between adjoining plots. Dis- 
caid. Determine yield of com on acre basis. Keep cost accounts to ascertain 
comparative profits. (During seasons of frequent and suflicient rains, but 
little difference may result in yields on the first two plots. It would be best 
t« continue this project for at feast 3 or 4 years.) 

To Deteimine Uie Advantage, if any, m Hilling Com. — Procedure. — Select 
14 rows of com in a com field. Practice level cultivation on seven of 
the rows and hill the other seven rows. Discard the middle row, and deterfnine 
oomparative yields. What are some of the disadvantages of hilling? 

Field Studies. — Examine different [ilows, harrows, cultivators, rolleta, and 
planting machines. Study their action in rebtion to the soil. 

It would be well, if possible, to compare the work of a stubble plow in 
plowing sod with that of a sod plow. 

QTJESTIONS. 

1. What b the relation of good tilth to soil fertility? Give the meaning of 

good tilth. 

2. What constitutes a good seed bed? What is intertillage? 

3. Name and discuss the factors influencing the development of a good 

seedbed. 

4. Name the common tillage tools. What should guide the farmer in his 

purchase of tillage and planting implements? 
6. What are some of the common objects of tillage? 

6. State sonie (ei^t) of the principles governing tillage. 

7. What is the use of the plow? 
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8. Name the parte of a common walking plow. What is a joiuter? Coulter? 

Illustrate by sketch the proper aSjustmeDts of jointers and coulteia. 

9. D(»cnbe the pulverizii^ action of the moldboard; illustrate by diagram 

or otherwise. 

10. How does Btubble plowing differ from sod pbwing? 

11. What constitutes good plowing? (Figs. 68, 71, 76, 78, and 87). 

12. What is a disk plow and when is it used? Why are they not recommended 

for light, loose soils? 

13. Name some of the advantages of late faU plowing. Disadvantages. Why 

leave fall plowed land rough? 

14. What is a puddled soil? 

15. Discuss spring plowing — advantages and disadvantages. 

16. Why ana when is deep plowing generally best? W^en is shallow plow- 

ing beat? 

17. Why is it not good practice always to plow at the same depth? What ia 

a better way? 

18. What is subsoilii^? Is it generally recommended? Why? What about 

deep tilling? 

19. How may dynamite be used in connection with tillage? 

20. What is a hillside plow and how used? What are gang plows— 

their advantages? 

21. What are harrows? Name and describe the use of the different typss. 

22. What is meant by summer fallowing? 

23. What is a plainer and for what is it used? 

24. Name and describe the common rollers or clod crushers. When should 

they be used? When not? What is a precaution to observe in the use 
of a smooth or drum roller? 

25. Why are light, loose soils especially benefited by cultipackers? 

26. What are the advantages of good tilth or a ^m se^ bed in relation to 

planted seeds and growing plants? Discuss another advantage in having 
a firm seed bed. 

27. What has been the effect of the principle of good contact between the 

seed and the soil on the construction of many planting and seed- 
ing macMnea? 

28. What is a good program to follow when alfalfa is to be sown broadcast 

on loose, loamy land? 
20. Which is better to use for sowing grain — drills or broadcast sowers? Do 
all drills give the same satisfaction? Ei^lain. 

30. Under what conditions is disking better than plowing for grain, particu- 

larly oate? Why? 

31. What is listing? Where and how is it done? What is a "middle-buster"? 

32. Give the meaning of cultivation. What are cultivators? 

33. Name and discuBs the objects of intertiUa^. 

34. Name and discuss the use of the different unplements used in intertillage. 

35. What should guide the farmer as to what particular tool to use, and bow 

and when to cultivate? 

36. What is the depth of cultivation best for humid fanning? Why? 

37. How is a farmer to know when he is cultivating too deep? 

38. What machine adjustments maybe made to elinunateinjury in cultivation? 

39. Discuss level cultivation and hilling. 

40. What are weeders, and when do they prove effective tools? 

41. Does it injure gram or com if it is necesaary to roll land ^en the plante 

are small? 

42. How may crusts be broken after crops are planted? 

43. Have you ever known of cases of hairowmg small grain while young? 

What were the results? 

44. For an outline summary of this diapter, see teble of coutente. 
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CHAPTER XI 

SOIL ORGANISMS Hf HELATIOW TO SOIL FERTILITY 
In Chapter II it was stated that millions of organisiUB live in 
the soil, and that many of them bring about changes that are 
fnndamentally important in determining fertility. These many 
organismfi may be classed as bacteria, fun^, yeasts (Fig. 113), 
algse (ftl'je), worms, msects, and rodents. The first three groups 
are classed as "microQi^anisms" because they are of microscopic 
dimensions. The majority of the bacteria are not more than 




0.0000197 of an inch in diameter, and it ia believed that some are 
too small to be seen with the aid of the most powerful microscope. 
In one-third of a thimbleful (one gram) of normal field soil have 
been counted from 140,000,000 to 400,000,000 microorganisms; 
and in manured soil, as high as 750,000,000. The most tiny ones 
(bacteria) are in greatest abundance, and it is they which play a 
large part in nature's plans, and stand in close relationship to 
the practices which make possible successful crop production. 

In this chapter will be considered in particular three groups of 
the helpful soil organisms, viz.: (a)Thosewhich cause decomposi- 
tion or decay; {b) those which cause nitrification, and (c) those 
which gather nitrogen from the air. 

ORGANISMS OF DECOMPOSITION 

Microorganisms Clear fbs World of Trash (Fig. 114-A).— 
What would this world be were it not for the fact that all plants 
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aud auimaJs finally disappear after they die? If this were not so 
the world long ago would have become choked with dead material. 
Most of the rubbish of the earth is buried in or ia thrown upon the 
soil, and through decay, it is reduced to the fundamental elements, 
becoming again the dust of the earth, water and gases. This decay 
is the work of many kinds of microorganisms, particularly the 
bacteria and fungi. It is a wise provision of nature that all organic 
matter can again break down into the elements of which it is com- 
posed, since through these changes sustenance is provided to pro- 
long the life on the earth and to make possible new life. 
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No Cnqis Without Decay. — Soils continue to weather' after 
they are formed from rocks; and because of weathering, crops are 
able to secure from the mineral rock particles the mineral elements 
so necessary for their growth. But crops also require nitrogen — 
and the nitrogen in the soil is held there, not in the mineral par- 
ticles, but miunly in complex, insoluble compounds in the form 
of organic matter. Crops cannot absorb this organic matter any 
more than they can consume the mineral particles of the soil. 
Before plants can secure any nitrogen from this organic matter, 
and before any crops can be grown successfully at all, the organic 
matter must first undergo decomposition. Herein myriads of 
microorganisms do a most important work. 

Crops Secure Mineral Elements From Two Sources. — ^At the 

' Weathering is a broad term meaning Uie breaking up and decay of 
materiHi thin^ wrou^t by natural forces. Decay of soil la largely the reflult 
of chemical forces acting independently or through the aid of miorcidrgaDisnu. 
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same time that the nitrogen compounds in the soil oif^anic matter 
pasB through the changes necessary to provide available nitrogen, 
the mineral elements, which this organic matter contains, likewise 
become available. Thus a crop such as eom, for example, secures 
its supply of nitrogen from one main source— the soil organic mat- 
ter; and its supply of mineral elements from two sources— from the 
mineral soil particles and from organic matter. 

Decay of Organic Matter Aids Decay of Mineral Particles. — 
The organisms which cause the decomposition of the soil organic 
matter perform a two-fold work. They not only bring about the 
necessary changes in the organic matter to provide available 
nitrogen and mineral elements for use by plants, but in an indirect 
way they aid in the liberation of mineral elements contained in 
the mineral soil particles. This is explained through the fact 
that in all oi^anic decay, acids are formed which are eflfective 
agents in dissolving mineral matter. We can now understand more 
clearly why it is important to maintain a good supply of organic 
matter in soils to enable crops to secure needed and sufficient 
elements. It is significant that rich, garden soils usually have a 
high content of oi^anic matter, and that they are much more 
abounding in life than ordinary field soils. We can explain, too, 
why some Hght-^olored soils rich in all the important mineral 
elements and having a low productive power, can be made to pro- 
duce much larger yields simply by plowing imder a good growth 
of green rye. 

Some Fertilizers Valueless Without Decay. — Were it not for 
the organisms of decomposition, fertilizers such as tankage, blood 
meal, cottonseed meal, etc., would be of little or no value. More- 
over, some insoluble mineral fertilizers, such as rock phosphate, 
would be practically useless, but for the presence of decomposable 
organic matter in the soil, or because of the Organic matter in 
which the fertilizer may be mixed when applied. Rock phosphate 
has been found to give best results in most soils when it is mixed 
with manure or plowed under with green rye or clover. 

NITRIFICATION 

nitrification Explained. — The accompanying digram (Fig. 
115) is helpful in gaining a clear idea of the meaning of nitrification. 

This diagram explains that the nitrogen in organic matter is 
held there in the form of complex, insoluble compounds which 
must be broken down, through decomposition, into ampler corn- 
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pounds, and much of it finally into. ammonia (gas) before the 
nitrogen can be converted into available form suitable for plants. 
This breaking-down process is brov^ht about by fungi as well as 
by bacteria. As soon as the ammonia is formed, other bacteria, 
called nitrifying bacteria or nitrifiera, convert it into soluble' 
nitrogen-containing salts, called nitrates.* This conversion of 
ammonia into nitrates by nitrifying bacteria {Fig. 114-B) is termed 
"nitrification." The opposite of nitrification is denitritication, 
which means the breaking down of nitrates by certain organisms 
which work only when the air is shut out of the soil. Under good 
soil mam^ement we need not concern ourselves about this destruc- 
tion of nitrates.* 

What Becomes of the Nitrates Fonned. — Nitrification is 
usually most rapid during the growii^ period. The nitrates then 
formed are almost completely and immediately absorbed by the 
growing crops, unless too much is manufactured. If no crops are 
present to utilize the nitrates, or when too much is formed, they 
are leached out of the soil and lost. Ordinarily more nitrates are 
produced in a rich, cultivated soil than are used by the crop. 

An idea as to the rate at which nitrification goes on in some 
soils may best be gained by studying the nitrc^en needs of good 
crops of com, sugar beets, and cabbage. During cold weather 
nitrification ceases. 

The Use of Catch and Cover Crops. — Since certain crops are 
harvested early, some soils are left bare during the fall months. 
It has been found that much nitrates are formed during this time 
and lost from the soil. To conserve this nitrogen, rye or some other 
crop is sown immediately after the harvesting of these early crops. 
Such crops are commonly called "catch" or "cover" crops. They 
not only prevent nitrogen losses, but they prevent soil washing and 
blowing, and inaprove the soil when plowed under. In the South, 
rye, either alone or with hairy vetch or crimson clover, is frequently 
sown as a winter cover crop. In cultivated orchards, the most 
common cover and catch crops are rye and clover. 

' AnuDonia is & gas composed of one atom of nitrogen and three atoms of 
hydrogBn, hence the chemical formula, NHi. The strong emell of washing 
anunonia-water is due to this gas. 

The last stage of decomposition in which ammonia is fonned is called 
" ammonification . ' ' 

■ It is to be noted that the decompoHition is a breakinK-down 
piYM^SB, and nitrification is a building-up process. A common nitrate formed 
m soils IB calcium nitrate |Ca(NOi)t], wnich ia a more complex Bubstapce 
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Nitrification Means Loss erf Organic Hatter. — The bacteria 
engaged in nitrification do not add one atom of nitrogen to the soil 
supply; they simply change insoluble forms of nitrogenJnto soluble 
forms which are either used by plants or are leached from the 
soil. This explains in a large measure how the soil organic matter 
is used up; and it also emphasizes the necessity of maintaining a 
good supply of this material in soils as a source of easily available 
mineral elements as well as of nitrogen. 

ORGANIC MATTER 

(containing comphx, insolabia 
nitrogen compounds ) 

X-i 



g.^. Nitra^* solubk salts containing nitro^ 
\ (fronts absorb thasa salts) 




■Nitrification = the ,. 

\ ammonia info nUralts ty 
J mirifyln^ bacteria. 



Fia. IIS.— Diacram illuatnttincnltrifioktian. 

Some SoUs Lack Nitrifying Organisms. — Some peat and muck 
soils, on being reclaimed through drainage, fail to produce satis- 
factorily even though mineral fertilizers be supplied. Such results 
are sometimes due to a lack of "avtulable" nitrogen, in spite of 
the fact that these soils may be well supplied with, or are composed 
almost entirely of, organic matter. Decomposing and nitrifying 
organisms may be lacking. Since good manure, especially horse 
manure, contains myriads of these kinds of organisms, they may 
be supplied to such soib through manuring. This explMns in 
part the beneficial effect of manure, as a first treatment, to many 
peat and muck soils. 

NITROGEN FIXATION BY BOIL BACTEHIA 

Nitrogen Fixation by Nodule Bacteria. — For many years 
scientists were puzzled to know three things : {a) Why a clover 
plant could grow perfectly well when no available nitrogen was 
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supplied to it; (b) why legumes, that is, such crops as clover, 
peas, beans, etc., should enrich the soil considerably in nitrogen, 
and (c) why a crop like wheat or tumipe, for exajuple, should pro- 



Fia, lie.— Nodulea on the rooii ot aoybean. (WlecoMia SUtlon.) 

duce much larger yields on clover sod than when grown on such a 
sod as timothy. 

It was known centuries ago that certain plants had bunches or 
nodules on their roots; and it was known for forty years that 
these nodules conttuned bacteria. Yet it was not until 1886 that 
two German investigators proved conclusively that these bacteria 
within the nodules actually have the power of taking the free 
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i^ 



Pia 117. — CAaeoa dovBT nodulei. CD. S. D. A.) 



Via. lis. — Noduk* on loota of ■"-^■■t"' rsd dovar. (Wiiooiiiia Station.) 
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nitrogen from the soil air and converting it into a form suitable 
for the plant (Figs. 114-C, 116, 117, 118 and 119). 

There are three main differences between legumes and other 
plants: (a) They are very rich in nitrogen; (b) they usually have 
nodules on their roots, and (c) they may increase the nitrogen 
supply of the soil through the action of the nodule bacteria. 

Nodule organisms are also called "symbiotic bacteria." They 
have the power of independent existence, but when they enter the 
roots of legumes both the bacteria and plants are benefited by 
the close association. 

Nitrogen Fixation by Free SoQ Bacteria. — Aside from the 
bacteria which caiise the formation of nodules, there are bacteria 



Fia. no.— Different tormg of aUalta nodulee. (U. 8. D. A.) 

in the soil which have the power of fixing or gathering uitn^en 
independently of any roots or plants. These are commonly called 
the free nitrt^en-fixing organiams, or non-symbiotic bacteria. 

From what has been smd it can be concluded that nitrogen 
fixation in soils is the fixing or gathering of atmospheric nitn^en 
by nodule bacteria and by free nitrogen-fixing organisms. 

Nitrogen fixation may also be accomplished artificially through 
the use of electricity. 

Certain molds and algte in soils also seem to have the power of 
fixing free atmospheric nitrogen. 

■ Nitn^n-fixing bacteria are classed as plants, as are the other 
important soil bacteria. 

Amount of Nitrogen Gathered. — Under field conditions it 
has been estimated that the free nitrogen-fixing bacteria gather 
and add to the soil annually from fifteen to forty pounds of nitrogen 
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per acre. The amouDt gathered by the bacteria may vary from 
forty to two hundred pounds to the acre per year, depending upon 
the amount of crop growth and soil conditions. This does not mean 
that the nodule bacteria actually add to the soil this amount 
of nitrc^n, but rather it is the amount the bacteria furnish to 
the legume. 

How Nodule Bacteria Work. — Nearly everyone is interested 
in knowing how the minute nodule bacteria aid legumes in getting 



Fia. 120. — Ths inaide of ■ lupine nodule, macmfied. {U. 8, D. A.) (See Flc. 121.) 

their nitn^n. These oi^anisms naturally live in the soil, and when 
they come in contact with the legume root they enter it and grow 
rapidly, causing an abnormal growth known as tubercles or nodules. 
As the plant grows, the bacteria multiply and the nodules increase 
in siae and in number (Figs. 120 and 121). Each nodule contains 
millions of these bacteria. They feed upon the plant juice and, in 
return, furnish the plant with nitrogen which they take from the 
air in the soil and combine it in a form suitable for the plant. 
About the time seeds form on the legume the nodules cease grow- 
ing, lose their plump appear^ce, begin to shrink, and finally die, 
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the bacteria returning to the soil in vast numbers. Here they may 
remain for a considerable length of time before they have an 
opportunity to enter other plants and a^n gather nitrogen 
and multiply. 

How the Growing of Legumes bnproves Soils. — ^The growing 
of legumea may improve soils directly in two ways: by adding 
organic matter and by increasing the nitrogen content. The 
amount of nitrogen that may be actually added to the soil in grow- 
ing a crop of clover, for example, depends upon the soil and 
especially upon what disposition is made of the crop. The crop 



Fia. 121.— A lew of the bacteria whioh BU the cells, highly mscniGed. <U. 6. D. A.) 

may be plowed under, it may be cut for hay and sold off the farm, 
or it may be fed on the farm, either as pasture or hay. 

In studying the clover plant, it has been found that practically 
two-thirds of the total nitrogen contained in it (roots and all) is 
in the hay, and one-third in the roots. Under average, normal 
soil conditions, the clover gets about two-thirds of its nitn^en 
from the nodule bacteria, and one-third from the soil reserve. Thus 
when the crop is taken off the field, there is left in the roots practi- 
cally the same amount of nitrogen as was taken from the soil 
supply. The nitrogen content of the crop harvested, there- 
fore, represents the amount fixed or taken from the air by the 
nodule bacteria. 

It follows that when a clover crop is plowed under, the soil is 
enriched by the amount of nitrogen contained in the clover plowed 
under. This amounts to about forty pounds for every ton of hay 



sdbyGoOgle 



CHOP FAILURES 181 

equivalent; that ia to say, if a crop of clover that would yield two 
tons of hay were plowed under, the soil would be enriched by about 
eighty pounds of nitrogen per acre. 

When the clover is out for hay and sold off the farm, the field 
growing the crop is not enriched. If at the start the soil were very 
rich the nitrogen content would even be less after the growing of 
the clover. On the other hand, if the soil were comparatively 
poor in available nitrogen, a gain would result. 

When the clover crop is fed on the farm, the amount of nitrc^n 
that may be gained is equal to the amount contained in the hay 
minus the loss in feeding. When manure is well cared for, there 
ia a possibility of regaining about sixty per cent of the nitrogen 
in the hay, or about twenty-four pounds for every ton of clover 
hay fed. 

What was said of clover may apply to alfalfa except that one ton 
of alfalfa hay contains fifty pounds of nitrogen. Information 
concemii^ other kinds of legumes is meager; nevertheless, it 
remains true that a legume can add about twice as much nitrogen 
to the soil when it is plowed under as when it is fed and the manure 
returned to the land. 

Certain investigations have shown that the roots of cowpeas, 
soybeans, crimson clover, etc., contain a very low per cent of 
the total nitrogen. Very probably when these crops are removed 
from the land, some nitrogen is removed from the soil. 

Clover Sod Better Than Timothy. — Under like conditions it is 
well known that a com crop, for example, on clover sod yields 
much Ijetter than on a timothy sod. This is largely because 
clover roots are very rich in nitrogen, and they decompose rapidly, 
thus causing the Uberation of a good supply of plant-food elements. 

Crop Fidlures Owing to Lack of Nodule Bacteria. — Poor 
yields, and even absolute crop failures, are not rare experiences 
resulting from a lack of proper nodule bacteria. Lack of alfalfa 
nodule organisms was the cause of twenty-six per cent of the 
alfalfa failures studied in the south half of Wisconsin in the period 
between 1912 and 1917, It b a common mistake to think that 
because one kind of I^ume grows well on a certain soil any 
other kind of legume would necessarily thrive there. This is not 
the case, however, since different species of legumes require quite 
different species of nitrogen-fixing bacteria. Many fanners have 
eiperienced absolute failure in alfalfa because they thought that 
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ance they could grow excellent clover and com, alfalfa should 
likewise do well. 

It b necessary that legumes have these bacteria to help them 
secure the lai^e amount of nitrogen they demand. In exceptionally 
rich soils the nodule bacteria are not so necessary, because there 
the plants are able to secure their nitrogen requirement directly 
from the soil. It is usually true that wherever a certain l^ume 
has never been grown, there a lack of the proper bacteria prevails — 
except in cases where the same bacteria can grow on one legume as 
well as OD another. 

Alfalfa bacteria grow without difficulty on sweet clover, bur 
clover and black medick; or vice versa. 

The bacteria causing the formation of nodules on medium 
red, alsike, crimson, mammoth and white clovers may be grown 
interchangeably . 

The nodule bacteria on the following legumes can grow on one 
as well as on another: Garden, field, and sweet peas, and vetch. 

Soil Inoculation. — It is a comparatively simple matter to add 
to a soil the necessary legume bacteria. This process is called 
"soil inoculation." Usually, whenever a particular legume is to 
be grown on a field for the first time, and especially when for the 
first time in that locality, it is a safe rule to inoculate the soil. 
If the legume is soybean, inoculate with soybean bacteria; if 
alfalfa, inoculate with alfalfa bacteria; if it is field pea, inoculate 
with field pea bacteria, etc. The successful growing of the com- 
mon garden pea may depend largely on proper inoculation. 
(Fig. 122.) 

Methods of Soil Inoculatioii. — Several common methods are 
used in inoculating soils. Soil may be taken from one field growing 
the legume successfully and appUed to another field upon which 
is to be grown the same legume. The soil is taken from the surface 
six or eight inches. A bushel of well pulverized soil is sufficient to 
inoculate one acre, though farmers usually use about a wagon-box 
full for three to foiu- acres. Usually the soil is spread by hand. 
Since sunlight is a destroyer of germ life, it is necessary, if the soil 
is quite dry and the sun is shining bright and warm, to harrow the 
land immediately after the inoculating soil is applied. 

The seed-a^utination method of inoculating for legumes is 
now commonly used. Procure a peck of soil which has plenty of 
the right kind of bacteria. Put half of this into a tub of clean 
water. Stir thoroughly and while stirring add a pint of liquid glue. 
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Now wet the seeds by spiiiikling this muddy water over them and 
sUrring them with a hoe or rake until all are wet. This wetting 



can easily be done with the seeds in a shallow box or on a smooth 
floor. Next sift the remainder of the good soil over the seeds and 
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stir until the moiBtiire is taken up by the soil. The seeds are now 
ready to be drilled in the field. 

Another common way to inoculate is to apply the bacteria to 
the seed b& pure culture at the time of seeding or planting. Pure 
inoculation cultures are bacteria grown in the absence of all other 
kinds of bacteria on sterilized foods. These pure cultures may be 
sent out to farmers in liquid form, on vegetable jelly, or in steril- 
ized soil. Good results are secured through this method of inocu- 
lation only when fresh cultures containing the proper organisms 
are used. Farmers may secure pure inoculation cultures from the 
United States Department of Agriculture, from their State Experi- 
ment Station, or from reliable seed houses. Full directions for 
uang accompany the cultures. 

Some recommend the sowing of about a pint of alfalfa seed per 
acre In with the usual seeding mixture of- clover and grass as a 
means of inoculating the soil for alfalfa. In actual practice this is 
not a safe and sure method of inoculation. It is rather a test to 
determine whether or not the soil conditions are right for alfalfa. 
Moreover, an acid soil is usually lacking in the alfalfa nodule- 
bacteria, so that any attempt to grow a few alfalfa plants on such 
a soil results in failure, not only because of the lack of the proper 
organisms, but also because of the lack of lime. To be sure of 
inoculation on non-acid soils it is best to inoculate with soil or 
pure culture. On acid soils, the only sure way to succeed, especially 
with alfalfa, is to lime the land first, then inoculate. 

How Often to Inoculate. — ^Usually when a soil becomes inocu- 
lated and grows a certain l^ume successfully, further inoculation 
for that particular legume is unnecessary, provided the soil con- 
ditions remain favorable for the bacteria. 

Conditioos Favoring SoO Organisms. — ^As in case of all living 
tilings, the growth and activity of all the helpful soil organisms 
are promoted only when favorable conditions surround them. 
Aside from food and suitable moisture and temperature conditions, 
they particularly require a well-aerated soil, a soil (x>ntaining a 
sufficient amount of organic matter, and most of them require a 
soil QOt sour or acid. These last three conditions are wittdn the 
control of the fanner, thus making it pos^ble for him to plan and 
direct his farming operations in such a way as to foster these tii^ 
workers in the soil. 
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nhiBtrHtioii Haterial for Lessons.— Show nodulea on thn rooto of some of 



Demonstnitions.— Motertol Needed. — -Five one-galloQ crocke; about 12 
quartB of loam; about 10 quarts of soil void of alfalfa nodule oi^anianiB; a tew 
com and grain Beeda' 2 gramB each of nitrate of Boda and Bodium acid phos- 
phate; a few hundi^ al&lfa seeds; and alfalfa inoculation soil or culture. 

To Stud^ the Effect of too Much Water on PUnt Growth hi ReUtion 
to Nitrificatioli. — Procedure. — Plant 3 one-Kallon crocks of sandy loam, or 
loam taken from the field, to com and smaS grain. Water them and keep 
them under the sanie favorable growing conditions. To crock No. 1 applv 
2 grams each of dissolved sodium nitrate and sodium add phoephat« (to enncn 
the BoU). When the plants are about 3 to 4 inches high, treat them as follows: 

Crock No. 1 — Keep flooded with water. 

Crock No, 2 — Keep flooded with water. 

Crook No. 3— Water normally. 

Start moisture treatments all at the same time. Continue these treat- 
mientB for at least 2 weeks, or until results are definite. 

Oueafumi. — (a) Why did the plants in crock No. 2 turn yellow so soon7 

(b) Explain the results secured in crock No. 1. 

(c) Define nitrification. 

(d) Name conditions in the field that favor nitrification. 

To Demonstrate the Importance of Inoculation. — Procedure. — Fill two 
one^aLon crockH with soil free of alfalfa nodule oreanisms. Provide proper 
conditions in eadi crock for growing alfalfa. Inocuute one crock, but do not 
inoculate the other. Seed both crkJis to alfalfa, water, and observe results. 

Field Studies. — Observe nodules on the roots of clovers and other legumes. 
Do not pull roots but dig them, and rinse off the soil in water. 

Examine the roots lU ''yellow" alfalfa, and of vigorous plants for nodules. 

Home Expeiiment.'-^It would be of interest as a home ex]Mriment to 
plant two strips side by side of some legume not commonly grown in the com- 
munity. One of the stripe should be inoculated, and the Other left uniuocu- 
lated. (Consult text.) Note results in nodule development and in yield. 

QUESTIONS 

1. Name the different classes of soil organisms. What are microfirganisms? 

Tell erf their number in soils. 

2. Into what three classes may the helpful soil organisms be grouped? 

3. What becoDMB of all dead orgamc material? Of what importance is 

this fact? 

4. How is it passible that the nittt^^ in organic matter becomes available? 

5. From what main source does a crop like com get its nitrogen? Its min- 

eral elements? 

6. Explain why the fertility of some light-colored soils rich in the mineral 

elements may be increased just by plowing under a crop of green rve. 

7. Upon what depends the value of an orgamc fertiliser, Bke dried blood? 

Of some insoluble mineral fertilizer, like rock phosphate? 

8. Explain by aid of a diagram how plants are able to secure nitrogen from 

tne organic matter in soils. What is the meaning of nitrification? 

9. What becomes of the nitrates formed as the r^idt of nitrification? 

10. What do "catch crops" catch? Why are some crops called "cover" crops? 

11. Does the proces of nitrification increase tlie nitrogen content of 

soils? Explain. 

12. What is meant by denitrification? 

13. How may the beneficial effect of manure on peat and muck soils be 

partly e^ilained? 
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14. Wba.t is meant by nitrogen fixation in soils? How else ia nitrogeD fix- 

ation accoroplisned? 

15. What are the main differences between legumes and non-legumes? 

16. From what sources do legumes get their nitrogen? 

17. How much nitroKen may be added to the soil by the free nitrogen- 

fixing organisms? 

18. Tell how the nodule bacteria work. 

19. How much nitrogen may be added to the Boil on a faim in growing clover? 

In growing alfalfa? 

20. Explain why, under like conditions, corn should yield better on clover 

Bod than on timothy. 

21. Discuss the relation of crop failure to a lack of nodule bacteria. Why is it 

necessary that legumes should have these nodule bacteria? 

22. What is the meaning of soil inoculation? Cross inoculation? Illustrate. 

23. Suppose a £eld is to be inoculated for alfalfa ; explain how it should be done. 

24. If, after growing alfalfa, soybeans are to be grown, would inoculation be 

necessary for soybeans? Why? 

25. How often should inoculation for the same legume be made? 

26. Have you ever seen legumee that probably needed inoculation? 

27. What are the soil conditions favorable to the growth and activity of the 

helpful soil organisms? 

28. For an outline summary of this chapter, see table of contents. 
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CHAPTER XII 

NITROGEN, PHOSPHORUS AND POTASSIUM IN 

RELATION TO SOtt FERTILITY 

An In^Ktrtant Controllable Factor. — " Sufficient available 

plant-food elements" is a fifth positive factor determining soil 

fertility (Chapter VII). The maintenance of fertihty may be 



[>il suit yau feed the erop. Wlien tfiia pe»t soil whb supplied with the 
anU of pl&at fcxid this splendid erop of corn wms the result. 

accomplished in a lai^e measure by maintaining in the soil a good 
available supply of the important elements (Fig. 123). 

Outside the irrigated sections the source of "water" is the rain- 
fall; thus, BO far as the farmer ia concerned, the water problem is 
mainly a question of conserving and controlling this moisture for 
crop use. As regards " air," it is free and abundant — and the supply 
of carbon dioxide contained in it remains practically the same. 
With drainage and good tillage a lack of air in the soil need never 
be a cause, either directly or indirectly, of low yields. "Good 
tilth" can neither be bou|^t nor sold, leached out of the soil or 
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added to it. It is a soil condition that good soil managemeat 
mwntains and poor management destroys. "Helpful soil organ- 
isms" perpetuate themselves, and they remain in the soil so long 
as the farmer majntains soil conditions favorable to them. But 
as regards the "plant-food elements," a vii^in soil may become 
depleted, and crops consequently fail. Moreover, some eoilfl are 
unproductive because they especially lack some one esseatial 
element (Chapter VI), The only way to restore a depleted supply 



of elements, or to nullify the effect of a lack of any one or two ele- 
ments, is to add plant-food material to the land {Fig. 124). It is 
entirely possible for the farmer to add fertilizing elements to the 
soil, and to maintain in the soil a sufficient available supply, so 
~ that his efforts concerning moisture conservation, aeration, 
fillip, etc., shall not be in vain. Compare Figures 125 and 126. 

Of the elements essential to plant growth, four are much dis- 
cussed in relation to crop production, viz., nitrogen, phosphorus, 
potassium, and calcium (lime).' Since the liming of soils is so 
s used instead of calcium, though it is the 
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FlQ. 136- — EIishty-«evea biuhela per sere whea fertUiiod with three hundred pound* of 
add phoapbate per aat. (WiscoDsin Statioo.) 

importODt a subject, it will be discussed in a chapter by itself. 
In this chapter special consideration will be given nitrogen, phoe- 
pborus, and potassium. 
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Substances Contributing to the Supply- oi Available Plant- 
food Elements. — When the pioneer farmer tilled the vir^n soil, he 
reaped boimtif ul harvests of com and grain — not for one year only, 
but for many years. What contributed to the crop needs of 
nitrogen and mineral elements? Three substances, viz.: 

(a) A small amount of soluble salts in the soil. 

(b) Organic matter. 

(c) Mineral soil particles. 

As time went on, crop yields fell off, and the farmer began to 
realize that soils can become "exhausted" or "worn out." From 
times immemorial tillers of the soil have been advised to keep up 
the "strength" of the land by adding substances to it. Herein 
lies the theory of fertilizers. The process of adding fertilizing 
elements to the soil or rendering available the elements present 
in the soil is fertilizatwn. The substances commonly used to add 
fertilizing elements to the soil, or to rend^ available those already 
there are: 

(a) Vegetation and crop residue, as roots, stubble, straw, etc. 

(b) Green crops plowed under (green manuring). 

(c) Commercial fertiUzers. 

(d) Manure, 

Vegetation produced the oi^anic matter found in vii^in soils. 
Its value is weU known. All plant residue such as roots, stubble, 
etc., aids materially in maintaining the oi^anic matter. Thus leaf 
mold, grass, etc., should always be plowed under wherever possible, 
and not burned. 

The further discussion in this chapter will be under three main 
headiogs: (1) Green Manuring; (2) Commercial Fertihzers, and 
(3) Manures. 

GREEN MANURING 

Green Manuring and Its Benefits. — Green manuring is the 
plowing under of green crops for soil improvement. The benefits 
to be derived through this practice are : The oi^anic matter may be 
maintained; nitrogen is added to soils, in case of legumes; the 
avfdlable supply of nitrogen and mineral elements is increased; 
soil structure is improved; the development of good tilth through 
tillage is made easier; and soils become less difiBcult to 
work. Some green manuring crops may also serve as catch 
and cover crops. 

Legumes are the beat crops to use whenever- possible. In 
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southern California it was found that it required from 270 to 1080 
pounds of nitrate of soda^ together with a green manuring crop of 
barley to produce as good a yield of com as when a l^^ume was 
plowed under. In either case the same amoimt of organic matter 
was added. 

In a test made in Canada, increases of twenty-eight per cent 
in potatoes and forty per cent in corn resulted in growing these 
crops following clover. 

In Alabama the plowing under 
of a legume (cowpeas) gave a clear 
gain of 696 pounds of seed cotton 
per acre (Fig. 127). 

A legume crop (crimson clover) 
plowed under in Maryland gave an 
increase of twenty-seven bushels in 
potatoes and seven bushels in com 
(Pig. 128). 

At the Virginia Truck Station, 
Norfolk, "cowpeas plowed under 
green in the fail gave as large a 
yield of cabbage per acre as twenty 
tons of stable manure." 

On the better soils where good 
clover or alfalfa can be grown 
often, the need of a special green 
noanurii^ crop is seldom felt. 

It is Necessary to Maintain 
Organic Matter. — Many farmers 

fail to appreciate the necessity of p,^ i27.-cowp«. (u. a d a > 
replenishing the oi^anic matter in 

soils, and too often clover is left out of the cropping plans. 
On many farms clover does not grow so well as it used to, or fails 
entirely. This should be taken as a warning that something is 
wrong with the soil or the system of farming. When clover is 
left out of the cropping system, and the organic matter of the soil 
is allowed to become depleted, it is only a question of a few yeara 
when the other crops will cease to give paying returns. 

An Old Practice. — Green manuring to add organic matter and 
nitrogen is not a new farm practice. Its value has long been known. 
Twenty centuries ago Varro told the Roman farmers the following: 

' A soluble nitrogen fertilizer. 



sdbyGoOgle 



192 



NITROGEN, PHOSPHORIC AND POTASSIUM 



"Certain tlmigs are to be sown, not with the hope of any 
immediate profit being derived from them, but with a view to the 
following year, because being plowed in and left in the ground, 
they render the soil afterwards more fruitful." 

Crops for Green Manuring. — Many crops may be used for 
plowing under: l^mnes, rye, buckwheat, rape, oats, etc. The 




Fio. 128.— .4, Hiiir vetch. B. Crime 

clovere and vetch (Fig. 128) can be seeded one year with gr^n 
and turned under in the fall or in late spring. Alsike clover is suit- 
able for low lands. Mammoth clover is well adapted for poor soils 
to get rank growth. 

Cowpeas, soybeans (Fig, 129), rape, and crimson clover* may 
be sown in between the rows when a cultivated crop is "laid by.'" 
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When the crop is harvested, the cowpeas, cIovct, etc., serve as 
catch crops, and are plowed under later in the fall. Cowpeas, 
soybeans, common vetch, field peas, and velvet beans are the 
I^umes best adapted to single summer growth. Sweet clover is 
a biennial (Fig. 130). 

Green manure is much needed in the 
South. There each year the season is loi^ 
enough to permit the growing of one or 
two crops for sale and at least one crop for 
plowing under. For this reason soybeans, 
cowpeas and velvet beans are used more 
than any other crop. 



Plowing Under the Crop.^ — Generally, the best time to plow 
under a legume crop is when it is still green. Rye, or any other 
grain crop, should be turned under before it becomes too strawy. 

Sometimes when a heavy growth is plowed under at the begin- 
mag of a prolonged dry period, injury results, because of the drying 
out of the seed bed. In such cases, good contact should be created, 
if possible, between the seed bed and the subsoil. In this, good 
plowing is advantageous (Figs. 75 and 76). • 
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It is always best to turn the green crop immediately under. 
In this work jointers and coulters are useful (Fig. 74). A chain 
may also aid in getting the growth turned under the furrow slice 
(Fig. 131), Sometimes disking before plowing is helpful. 

Green Manures for Cultivated Crops. — It is a general practice 
to follow green manures with cultivated crops such as com, cotton, 



Fio. 131. — Tnmins under wuds with tlie aid of a chain. 

cane, tobacco, potatoes, etc. Cultivation favors the decomposi- 
tion of the green crop, thereby rendering available more plant- 
food elements. 

Green Manuring Necessary in Soil In^irovanent — In practi- 
cally all soil improvement plans, green manuring occupies an 
important place. In some cases the growing and plowing under of 
a crop of buckwheat proves the best method in making posable 
the regeneration of very poor or exhausted soils. Many sands are 
so poor that rye is the only possible first crop. When the rye crop 
is plowed under, it makes possible the gro-ying of other green ma- 
nurii^ crops, aa soybeans, cowpeas, or mammoth clover, which, 
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together with lime and certain fertilizers, make productive sands 
a reality. 

The improvement of the lighter colored and long-cropped 
soils is dependent upon the addition of organic matter and nitrogen. 
This becomes a primary object, and whatever other soil treats 
ments are necessary, they are made not only to produce the organic 
matter, but at the same time to benefit all other crops. 

In Australia many soils are so poor that they are incapable 
of producing a paying crop; but when cowpeas are grown and 
plowed under, these soils can be regenerated. 

Feeding vs. Plowing Under Crops. — The question often arises, 
"Is it not better to feed the crop than to plow it under?" 
This is to be determined by the good judgment of the farmer. If 
the soil is a black loam, or a black silt loam, and is in a good state 
of fertility, feeding the crop and returning the manure, no doubt, 
is the better practice. On the other hand, if the addition of organic 
matter and nitrogen is the key to the improvement of any soil, 
then plowing under the crop would be the better plan. In this 
respect the advice ^ven by Varro is still good today. 

In many cases when a farmer has sufficient hay and a good 
second growth (rowen) comes on, this second growth may better 
be tinned under than be cut for hay or allowed to go to seed. 

Some Hints on Green Manuring. — In the regeneration of 
very poor soils, it is necessary to plow under the year's crop to 
make improvement possible. In such cases the crop is sacrificed 
for the good of the land. Under good soil management, it is not 
necessary to lose a crop in order to be able to grow green manure. 

When two grain crops are grown in succession, the first crop 
may be seeded to mammoth clover which is plowed under in the 
fall. The second grain crop is then seeded with medium, alsike, 
or crimson clover for hay or pasture to follow the grain. 

In potato sections, rye may be scattered over the field at harvest 
time, the di^ng covers the seed, and the growth is plowed under 
in the spring, previous to planting. Or the rye may be seeded to 
clover, the rye cut as a cash crop, and the clover plowed under 
for the potato crop the following year. 

A green manuring crop may be planted in between the rows of 
a cultivated crop at the last cultivation, and plowed under in 
the fall. 

Sometimes a rank growth of weeds may prove very eflrective 
as a green manuring crop. 
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COHHERCIAL FERTILIZBRS 

Commercial fertilizers are manufactured preparationB used to 
add plant-food elements to the soil, particularly nitrogen, phos- 
phorus and [Utassium. These elements in fertilizers are commonly 
repressed as "nitrogen (N)," "phosphoric acid (PaOs)," and 
" pota^ (KiO)," respectively. Nitrogen (N) is sometimes 
expressed as "ammonia (NHj)." To avoid any misconceptions, 
the names of the dements are retfuned in this discussion. 

Some substances, as common salt, for example, are called soil 
stimulants, or indirect fertilizers, because they do not contain any 
nitrogen, phosphorus or potassium, but cause changes in the soil 
liberating the plant-food elements already there. 

Four Classes (^ Conun«rcial Fertilizers.— Conunercial fertil- 
izers may be grouped into four classes, viz.: (a) Nitrogen 
fertilizers; (b) phosphorus or phosphate fertilizers; (c) potassium 
or potash fertilizers, and (d) mixed fertilizers. 

Nitrogen Fertilizers.— The conmion nitrogen fertilizers are: 



CoDnnon names 


Pernmt 


Avaibbility 


(fl) Nitrate of soda, or sodium nitrate, 
(b) Ammomum sulfate, or sulfate of 


15 

20 
6-15 
4-8 


Very readily available. 
Readily available. 


(c) Dried blood, or blood meal 


Nearly equal todried blood. 





ra^. tAnkagfl. dried ground Gab scrap. 

Nitrate of Soda. — The best known and most widely used 
nitrogen fertilizer is nitrate of soda. This is a salt obtained from 
natmal deposits found particularly in northern Chill. The origin 
of this lar^ deposit is not definitely known. 

Nitrate of soda can be utilized directly by plants without first 
undei^ing decomposition changes. Because of its solubility and 
the ease with which it is leached from the soil, the amount applied 
to the acre at any one time is not very lai^. The usual application 
is from 100 to 400 poimds applied in frequent small amounts during 
the early growing period. It is often used in small quantities to 
force plant growth, as on tobacco beds. Market gardeners and 
truck growers use this fertihzer more than do general farmers, 
and It is used more extensivelyin theEastem states than in the West. 

AmmoDium Sulfate. — Sulfate of anmionia is a salt made as 
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& by-product in the manufacture of coke and Uluminating gaa. 
In the soil this fertilizer undergoes decomposition and nitrification. 
It has been found that com, peaa and rice can use nitrogen directly 
from this salt. This fertilizer has about nine-tenths the efficiency 
of nitrate of soda, and it may be used in a similar manner. The use 
of ammeniiun sulfate will no doubt become more general than 
formerly, since the nitrate deposits are destined to exhaustion in 
a few generations. 

Dried blood is the evaporated, dried and finely ground blood 
of slaughtered animals. This is one of the best oi^anic nitrogen 
fertihzers. Under proper soil conditions it proves about ninety 
per cent as efficient as nitrate of soda. 

Cottonseed meal is a product formed when oil is removed 
from cotton seed. The extracted residue is ground fine. It is 
extenavely used as a fertilizer in the South. 

This material, as well as all other available nitrogen-containing 
substances, are much used in the manufacture of mixed fertilizers. 

Legumes to Solve Nitrogen Problem. — The demand of all 
crops for nitrogen is greater than for the other elements. (See 
Table of Crop Requirements, Chapter VI). This, together with 
the fact that the conditions of life in the civifized quarters of the 
globe are such as to cause a constant loss of nitrogen, has caiised 
the question of the available nitrogen supply of the world to be 
looked upon as lying at the very foundation of agriculture, and 
to demand most careful consideration. One of the greatest prob- 
lems in the maintenance of soU fertility is how to secure and keep 
a sufficient supply of available nitrogen at the least cost. This is 
too large a problem to be solved throi^ the HBe of commercial 
nitrogen fertilizers alone. It is now generally agreed that legumes 
must play the larger part in the solution of the nitn^en problem. 
Moreover, it should be remembered that fertilizers can never 
become a substitute for the organic matter so essential in all soils. 

FlioBpluite Fertilizers. — The conmion phosphate fertihzers are: 






{a) Bock phosphate .... 

(b) Basic slag, or Thomas slag 

(c) Ground steamed bone 

((0 Acid phosphate 



•Ground al 



id bone motl alxi oi 



Medium. 
Readily available. 
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ExpreBSing Equivalents.— The fertilizing constituent of phos- 
phate fertilizers may be expressed in three ways: as "phosphorus 
(P)," as " phosphoric acid (PjOc)," and as " bone phosphate of lime 
(BPL)." The per cent of "phosphoric acid" is always higher 
than the per cent indicating the phosphorus content of a fertihzer; 
and the per cent expressing the equivalent of bone phosphate of 
lime is higher still; to illustrate, tMrteen per cent phosphorus (P) 
equals thirty per cent phosphoric acid (PaOt) equals sixty-five 
per cent bone phosphate of lime -(BPL). 

Phosphoric acid (PiOs) and bone phosphate of lime (BPL) 
may be reduced to the common elemental name as follows: 

Per cent or ^uudBphoephoric acid X 0.436=peroent or pounda of phos- 
pboniB, respectively. Per cent or pounds of bone phosphate of lime X 0.2 = 
per cent or pounds of phosphorus, respectively. 

Rock Phosphate. — Rock phosphate is finely pulverized phos- 
phate rock. The main sources of this fertilizing material "in the 
United States are deposits in Tennessee, South Carolina, Florida, 
Arkansas, Kentucky, Utah, Wyoming, Montana and Idaho. 
Because of its insolubility, this fertilizer gives best results on 
most soils when it is mixed with manure or plowed under with 
a green manuring crop. On some muck and peat lands it has given 
very good results when applied directly to the soil and thoroughly 
mixed with it, at the rate of about 800 pounds per acre. In soil 
improvement plans, especially when the phosphorus supply is to 
be increased and maintained, it has been found good practice to 
mix rock phosphate with stall manure by sprinkling it m the 
gutters in the bam during winter feedii^, at the rate of from fifty 
to one hundred pounds to the ton of manure produced. This is 
equivalent to approximately two to foiu' quarts to the cow daily. 
Rock phosphate may also be dusted over the manure when loaded 
on spreaders. 

Basic slag, or Thomas slag meal, is pulverized slag of Bessemer 
steel converters. The phosphorus is withdrawn from the molten 
phosphorus-containing iron. This fertilizer is much used in Euro- 
pean countries and to a certain extent in eastern United States — 
it being imported from Europe. The phosphorus-contmning iron- 
ore in Alabama, which is beii^ converted into steel, may prove 
a valuable source of this fertilizer. 

Ground Steamed Bone MeaL — This fertilizer is pulverized 
steemied bone. The bones from meat-packing plants are steamed, 
or otherwise treated, to remove the fat- and sometimes the gelatine 
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also. After the extraction, the bones crumble readily and are 
easily ground. Bone meal is a much-used fertilizer, especially by 
truck gardeners. About 100 to 300 pounds and more may be 
ajq>Iied per acre. 

Acid Phosphate. — ^Acid phosphate is made by treating an 
insoluble phosphate with an acid and thereby c)^nging it into a 
soluble phosphate. This is the most easily soluble phosphate 
fertilizer. The name "superphosphate" is sometimes applied to 
it. The manufacturing process consista mainly, in treating rock 
phosphate with sulphuric acid. Because of its availabihty, or 
solubility, acid phosphate is very generally used, especially when 
immediate results are desired. Apphcations may vary from 100 
to 500 pounds per acre. 

Many Soils Need niosphates. — Many soils are particularly 
deficient in phosphorus, either because they never contained any 
appreciable supply, or because of exhaustive cropping. Phos- 
phorus deficiency is especially prevalent in sections where, during 
the early days, wheat was the one crop raised. So far as the soil 
is concerned, that was a period of most wasteful farming.^ Noth- 
ing was returned to the land, the grain and other products were 
sold, and the straw was burned. The organic matter was rapidly 
used up and the phosphorus was carried away with the wheat. The 
only way to correct this phosphorus deficiency and to maintain a 
sufficient supply in the soil is to buy phosphorus and add it to the 
land. Phosphorus may be purchased in the form of fertilizers and, 
to a lesser extent, in the form of feeds, such as bran, for example. 
The feeds when fed enrich the manure produced. 

It is common experience to obtain crop increases of from ten 
to fifty per cent and more by using phosphate fertilizers. The 
important effects produced by supplying sufficient phosphorus are: 
(o) The grain fills better and consequently weighs more per unit 
volume; (b) plants develop strong and extensive roots, and (c) 
crops often mature earlier. , 

In general, the following soils sire benefited by phosphate 
fertilizers: Soils exiiaustively cropped, peat and muck soils, sands, 
and black, acid loams, and silt loams. 

Available Phosphate More Important Than Total. — The 
amoimt of phosphorus that crops can secure is of more importance 

* The pioneer wheat-farmer can hardly be blamed for hia S3mteni of farm- 
ing. The fact that the Boile were rich enough to grow good crops of wheat 
made possible the constructiou of roads, the building of cities, and general 
developments which are enjoyed today. 
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than the " total " amount contained in soils. Some soils may con- 
tain a very good supply but still respond to phosphate fertilization. 
Other soils containing lower amounts may give no indication of 
phosphorus deficiencies. When a silt loam, for example, haa had 
its original phosphorus supply reduced one-third to'one-half, and 
is in need of phosphates, it is not necessary to add an amount of 
fertilizer to raise the phosphorus feontent to the original amount, 
but to fertiUze sufficiently to enable the soil to furnish the phos- 
phorus demanded by profitable crops. 



Fia. 133.— What hftppeoed when the lertiliKT miBsed. This particular past anil nspODib 
best to B miitun (1 to 1) of muriate of potash and acid phosphate. 

The Choice of Phosphates. — When immediate results are 
desired and when top-dressings are to be made, a soluble fertilizer 
should be used. Acid phosphates, or superphosphates, are, there- 
fore, especially adapted to all cases where spring top-dressing is 
practiced; as, for example, on grass land, for clover, alfalfa, and 
winter grains. 

Bone meal gives excellent results on soils that are open and 
inclined to be sandy or gravelly. 

Rock phosphate has given good results on peat and muck soils 
and on upland soils exceptionally rich in decomposable oi^anic 
matter. Compare Figures 132 and 133. 
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Baaic slag, bone meal and rock phosphate are good fertilizers 
to uBe for crops like com, grain, and potatoes, when grown on a^id 
soils. Basic stag acts well on clayey soils. 

For plants and soils which need liming, phosphates give more 
economical returns when lime is added to the land. This is particu- 
larly true in case of acid phosphates. 

Rock Phosphate vs. Acid Phosphate. — The comparative fertil- 
izing values of rock phosphate and acid phosphate have been much 
discussed. Most available data seem to indicate that, in general, 
acid phosphate is the more profitable.* On some of the black 
prairie soils of the Middle West, certain results have shown that 
rock phosphate is to be compared favorably with acid phosphate. 

Potash Fertilizers. — The common potash fertilizers are: 



CommoD luuDn 


Per cent 


Per sent 


AvaiUbility 


(a) Muriate of potash, or potas- 
sium chloride 

((>} Sulfate of potash, or potaa- 
aium sulfate 

(c) Kftinit 


41.5 to 44 

40 to 42 
10 to 12 
2 to 10 


50 to 52 

48 to 51 
12 to 14.5 

2.5 to 12 


Soluble. 

Soluble. 
Soluble. 







The fertilizing constituent of potash fertilizer may be expressed 
either as the element potassium (K), or as the oxide of the element, 
"potash" (KjO). To reduce "potash" to the element equivalent, 
multiply the number of per cent or pounds of "potash" by 0.83. 

Sources of Potash. — The main source of potash fertilizers is 
crude salts mined near Strassfurt, and in Alsace. No other deposits 
of potassium salts are so extensive aa these. It has been estimated 
that the Strassfurt mines alone are capable of supplying the world 
with potash for thousands of years. 

There are several sources of potassium in the United States, 
among which are : Dried-up salt lakes, sea weed, wood ashes, potas- 
sium-contwiing rock minerals, and as a by-product in cement 
manufacture. The potassium salts obtained from these sources 
have thus far been used in making mixed fertilizers. Tobacco 
stems used as potash fertilizer are shown in Figure 134. 

Muriate of Potash. — Muriate of potash is a prepared product 
derived from crude potash salts. This is the most common of the 
potash fertilizers. It is all soluble in water. 

' Thia conclusion is baaed on prices paid for fertilizera before the Worid War. 
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Sulfate of Potash. — This is another product derived from crude 
potash salts. It is not so generally used as the muriate. This 
fertiUzer is hkewise all soluble in water. 

Kainit is a crude potash salt, unprepared except by grind- 
ing. It is water soluble, and is used mainly in the making of 
mixed fertilizers. 

Wood ashes vary in the amount of potassium they contain. 
Thoroughly leached ashes are of little or no value as a potash fertil- 
izer. Hardwood ashes are generally richer in potassium than those 
of soft woods. Woods burned at high heat produce ashes much 
lower in potassium than when burned at low heat, as in a kitchen 



Fia. 134. — Tabu»o stanu ue ■ ■nod potaab feitiliHr. 

range. In addition to potash, wood ashes contain from fifty to 
seventy per cent carbonates of Ume and magnesia. 

Use of Potash Fertilizers. — Peat, muck and sands are soils 
particularly in need of potash fertilizers. Though the heavier 
soils contain an abundant supply of potassium, yet some of them 
respond to potash treatment. Crops demanding an abundant 
supply of potassium are: Sugar beets, clovers, alfalfa, cabbage, 
tobacco, turnips and corn (Figs. 135 and 136). 

For most soils needing potassium, muriate of potash is suitable 
and the cheapest. From 100 to 200 pounds to the acre per year, 
applied broadcast, is the usual application of either the muriate 
or sulfate for com, turnips, potatoes and clover; and from 200 to 
300 pounds for onions, cabbage and sugar beets. 

Certain results seem to indicate that sulfate of potash produces 
a better quality of potatoes and tobacco than the muriate. Other 
results show that when soil conditions are right as regards car- 
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bonate of lime and moisture, the muriate may give as good results 
as the sulfate. 

Kainit is much used io the South. 



Fio. 135. — For corn (in a pot l«gt) this pe&t soil reaponded to pboBpb&ts tre&tmeat. 

O. DO treatment; N. mtrOEen tertiliKr; P. phogphate treatment; K, potash; PK. 

phoaphate And potash. <See Figure 136.) 

Fia. 136. — For eubbaBe, potsst fertiliwr gave the greatEet raaponse. Same soil aa in 

Wood ashes are excellent for acid, peat soils. From one to two 
tons per acre is a common application.'^ No mixture of commercial 
fertilizers gives the results on acid marsh soils as do ashes. 

' When eontaining 30 to 40 per cent moisture. 
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Mixed Fertilizers. — Commercial fertilizers cont^ning nitrogen, 
phoBphonis and potassium are called mixed fertilizers. Thoae 
containing all three of the fertilizii^ elements are called "com- 
plete" fertilizers. In this respect,, manure is to be regarded as a 
complete fertilizer. 

Hundreds of brands of mixed commercial fertilizers are to be 
found on the market — sold under various trade names; such as, 
Com and Cotton Grower, Dreadnai^ht Fertilizer, Prolific Crop 
Producer, etc. These fertilizers are commonly spoken of in terms 
of the' per cents of the fertihzing constituents contained in them; 
for example, a mixed fertilizer containing two per cent nitrc^^ 
(N), twelve per cent phosphoric acid (PjOt) and two per cent 
potash (KtO) is called a "2-12-2" fertilizer.* A "0-12-4" fertil- 
izer means one contEuning no nitrogen (N), twelve per cent 
phosphoric acid (PiOa) and four per cent potash (KaO). 

The following shows the meaning of some mixed fertilizers 
in terms of the elements: 



p«»„ 




p t 








•'far 


^"i^^ia^ 


;s^ 


^U^ 


*) 


^ 
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8 


4 


4 


3.5 


3.3 


2 


12 


2 


2 


5.2 







10 


« . 





4.4 


6.9 



Use of Mixed Fertilizers.— Mixed fertilizers are very generally 
used. Applications vary from 50 to 1500 pounds and more to the 
acre. It is better to purchase these fertilizers on the ba^ of what 
they contain rather than because of their names. 

Commercial Fertilizers in General. — Many erroneous ideas 
are prevalent regarding the use of commercial fertilizers, especially 
in sections where fertilizers are little used or practically unknown. 
Some believe they injure the soil, and that when once used their 
use must be continued. It is not because the ,"boU gets a bad 
habit" that many farmers continue the use of fertilizere, but be- 
cause of profitable returns. Fertilizers sometimes fail for the 
following reasons: The wrong kind of fertilizer may have been 
used; it may have been applied in the wrong manner; the soil 
may lack proper underdrainage, and there may have been a 
deficiency of moisture. 
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No farmer, however successful, should ever think of trying to 
luaiDtain the fertiUty of his soil through the use of commercial 
fertilizers alone. Legumes, grass, green manuring crops and barn- 



Fia. 137.— Four rows without fertiliier in the drill. To the lalt 
of a I-S-1 miied ferbltier were applied oa aoB in the drill with a 
OD tin plaaUr. 0«e Fie 138.) 



yard manure are indispensable. Except for truck crops and pota^ 
toes, it is wise economy to use commercial fertilizers in a definite 
plan of more permanent soil improvement and fertility mainte- 
nance rather than to make light applications mainly to Btimulate 
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the one crop to which it is applied. Though it may be good business 
practice to apply fertilizers to a crop and increase the net profits, 
yet it is still better practice to accomplish this in such a way as to 
effect a more permanent improvement of the soil, which will serve 
to benefit several crops in succeeding seasons. 
. Profits Detennine Use of Fertilizers. — The use of commercial 
fertilizers depends mainly upon whether or not the value of the 
increased yields more than offset the cost of the application (Figs. 
137 and 138). On many soils the use of commercial fertilizers 
does not pay (Fig. 139). The best returns from fertilizers are 



Fia, 139. — Corn stimulatod b^ oi. 

■ere). No appreci»b!e difference in yield at hatveet ti 
(See pate 208.) 

obtained when soils are sufficiently supplied with moisture and 
organic matter (compare Figs. 140 and 141). 

The cost of fertilizers varies in different sections, depending 
largely upon the distance from distributing centers. Fertilizers 
are usually purchased on the unit basis. One per cent of a ton, 
or twenty pounds, is called a unit. Normal prices for nitrogen 
have be«i about three dollars per unit; phosphoric acid (PjOb) 
from twenty to forty-five cents in rock phosphate, and about one 
dollar In soluble phosphates; and potash about one dollar to 
one dollar and forty cents per unit. 

The World War had a decided effect on fertiUzer prices. The 
pri:^ paid for nitrogen was six to seven dollars per unit; soluble 
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phosphoric acid about two dollars, and "potash" seven dollars 
and more per unit. 



Fra. 141. — No nppreciablc difference in the vield at hnrrtat time, because iLe land wu 

well manured. Same fiefd sb shown in Fipire 140. 

SoQs and Crops Determine Kind of Fertilizer to Use. — The 
soil supply of the available plant^ood elements and the kind of 



3d by Google 



S01I5 AND CHOPS DETERMINE KIND OF FERTILIZER 209 

crop to be grown are two factors determining largely the kind of 
fertilizer to use (Figs. 135 and 136). The growing of sugar beete 
on peat, for example, requires liberal applications of a potash 
fertilizer. The forcing of lettuce and other garden crops requires 
an abundant supply of available nitrogen {Fig. 142). The appli- 
cation of soluble phosphate fertihzer on many soils proves the 
most profitable fertilizer treatment, especially on long-cropped 
prairie soils. The improvement of poor soils generally requires 
the addition of all the fertilizing elements. 



Fia. I42.~MBkinc a Hcond applicatioa of fertiliier to hud Uttuoe. Tbe fertiliHT ia 
■cBtterod along the rows and aUned in. (\. ¥.) 

Mixed or complete fertilizers in comparison with single fertil- 
izers commonly give the highest average increases and profits. 
Ttus is particularly true in case of wheat, potatoes and cotton. 
Frequently a mixture of phosphate and potash gives ixst results. 
Many experiments have shown that the full effect of one fertilizit^ 
element is obtained only when it is associated with the other two. 
Moreover, the addition of phosphorus and potassium usually 
increases the need of nitn^en for b^ger crops. In other tests a 
fertilizer, either single or complete, ' used in conjunction with a 
green-manuring crop is the best means to obtain higher crop yields. 
14 
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These results show that the plant, as well as the animal, requires a 
"balanced ration" to enable it to use its food materials most 
economically. This emphasizes the necessity of keeping a balanced 
condition in the soil in regards to the fertilizing elements. 

No general rule can be given for fertilizing soils, since condi- 
tions are so variable and soils differ so widely in their characteris- 
tics. A certain fertilizer may prove a "best fertilizer" for one soil, 
while on another it may be of no value whatever. The only sure 
way of determiiking the fertilizer needs of a crop on any particular 
soil is by actual held tests. How the fertilizer needs of soils and 
crops may be determined is discussed fully. 

High Grade Fertilizers More Economical. — High grade fertil- 
izers are usually considered as those containing a relatively large 
amount of plant-food elements. Another distinction is: High 
grade fertilizers are made of high grade, standard materials like 
nitrate of soda, groimd bone, acid phosphate, muriate and sulfate 
of potash. The low grade preparations, on the other hand, 
are usually made by mixii^ cheaper, inferior and less soluble 
materials, like low grade tanka^, wood ashes, kainit, peat, etc. 
When the amount and quality of the fertilizing ingredients, 
freight, and cost of handling are considered, the h%h grades are 
the cheaper. 

Home Afizing of Fertilizers. — By home mixing is meant the 
mixing of purchased fertilizing materials on the farm. This is 
commonly recommended, because the cost per pound of plant-food 
dements is lowered, mixtures can be varied to suit particular 
soils and crops, and better knowlet^ is obtained concerning kinds 
and quality of different materials carrying fertilizii^ elements. 

The mixing operation is simple. A clean floor, one or two 
shovels, a pair of scales, and a sand sieve having about four meshes 
to the linear inch is all the apparatus needed. The materials are 
first weighed out and placed in a pile on the floor — the bulkiest 
material at the bottom. All lumps are broken with the shovel. 
The pile is then shoveled over about three times, and the mixture 
passed throi^ the aeve. Lxmips are broken and added to the 
mixture, which is again shoveled over, if necessary, until thor- 
oughly mixed : 

Home Mixing Rules. — ^The following rules may be helpful in 
home mixing: 

(a) Detennioe the number of pounds of each fertiMi^ element 
contained in one ton or any other amount, of the proposedmixtune. 
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(b) Determine the number of pounds of the materials required 
to fumi^ these amounts of plant-^ood element. 

(c) Add the amounts of the materials required to make the 
mixture, and, if the sum is less than 2000 pounds, or less than the 
required amount, add enoi^ fine, dry muck, or any other inert 
material (Eller) to m^e a ton, or the required amount of 
the mixture. 

An iUustraiion: Out of nitrate of soda {fifteen per cent N), 
acid phosphate (seven per cent P) and muriate of potash (forty- 
two per cent K) a complete 3-10-3 fertifizer is to be compounded, 
or one containing three per cent nitrogen, 4.4 per cent [Aosphorus 
and 2.5 per cent potassium. 

(a) One ton of the proposed fertilizer contains sixty pounds of 
nitrogen, eighty-ei^t pounds of phosphorus and fifty pounds 
of potassium. 

(6) Amounts of materials required per ton are: 400 pounds of 
nitrate of aoda, 1260 pounds of acid phosphate, and 120 pounds of 
muriate of potash. 

(c) The total amount of materiab required is 1780 pounds; 
220 pounds of filler are required to make the mixture equivalent 
to a ton. 

Materials Unsuitable for Mizing Togetter.— Some mixtures 
are to be avoided. These are shown here. 

Acid phosphate 
DisBolv^ Done 
Sulfate of unmonia 
Tankage, blood meal, eto. 
Manure 

How F^tOizers are .^)plied. — Fertilizers may be applied 
broadcast, in the hill or drill, in the bottom of furrows, beade the 
rows after the plants are well above ground, and mixed with 
manure. In orchards and for crops whose roots are broadly dis- 
tributed, the greatest part of the fertilizer, at least, should be 
applied broadcast before the crop is planted or before harrowii^. 
When applied broadcast a much heavier application is usually 
made than when applications are made in other ways. About 
100 to 300 pounds are common appUcations for grain; 200 to 500 
pounds for grass and com; 500 to 1000 pounds for orchards; 300 
to 1200 pounds for root crops and tubers; and 500 to 1200 pounds 
for vegetables and truck crops. The fertilizers applied in the hill 
or drill, and those used when heavy applications are made, aie 
generally mixed or complete fertilizers. 
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When much fertilizer is api^ed, fertilizer distributors are used. 
All good makes of grain drills have fertilizer attachmeDts for 
distributing fertilizer broadcast at the time of sowing. 

When fertilizers are intended to promote rs[ud growth or to 
give the young plants a quick start, they are applied in the hill or 
drill. This is usually done through the use of fertilizer attach- 
ments on the planters (Fig. 143). Usually 100 to 200 poimda are 
applied to the acre in this manner. In case of cotton, 400 and' 500 



Fio. 143.— A fcrtiliEBT atUchmeut on the corn planter. Note the tertiliier Bpreader (S), 

pounds are common applications. In Maine as much as 2000 
pounds per acre is sometimes apphed In the row at the time of 
planting potatoes. 

When fertilizer are applied in the bill or drill, special care 
should be taken that the fertilizer is not dropped on the seed. 
All good fertilizer attachments can be r^ulated so that soil will 
fall in between the fertilizer and the seed, or the fertilizer distrib- 
uted along the aides of the row and not on the seed {Fig. 
143). When fertihzer is applied in the bottom of a furrow It 
should be mixed thoroughly with the soil b^ore the seeds 
are planted. 

The higher the grade of fertilizer the greater must be the pre- 
caution in applying it in the hill, drill or furrow. 
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In some cases the greater portion of the fertilizer is applied 
broadcast, and a little is dropped in the hill or drill to promote 
quick growth. Because nitrate fertilizers are easily leached away, 
they are commonly applied beside the rows after the plants are 
well up (Fig. 142). This method of application is also 
used at times whenever fertilizers are not at hand to be ap- 
plied otherwise. 

Lasting Efifect of Commercial Fertilizers. — In all liberal fertil- 
ization a residual or after-effect is secured on the crops following — 
often extendii^ throi^h three and four years or more. Results 
from broadcast distribution are the moat favorable. Often the 
growth and ripening of grain is very uneven when it follows a 
cultivated crop fertilized in the drill or hill. 

In this connection it is of interest to mention the absorptive 
power of soils for the fertilizing elements. Nitrc^en in the form of 
nitrates is easily leached out of the soil. Nitrogen in the form of 
ammonia (NH3) in ammonium compounds, such as sulfate of 
ammonia, is usually readily absorbed by soils in such a way that it 
is less subject than nitrates to immediate losses by leaching. As 
regards phosphorus and potassium, these elements are readily 
absorbed and retained by soils, the heavier types having greater 
absorptive power than sandy soils. Practically all the phosphorus 
and potassium, therefore, added in commercial fertilizers, and which 
is not used by the crop fertilized, increases the soil supply, and is 
drawn upon by succeeding crops. 

BABNVARD UANURE AS A FERTILIZER 

Barnyard maniu^, farm manure, or stall manure generally 
means the waste materials from the care of livestock.. In some 
sections it is the only, or the most important, fertilizer used. The 
best rraults with manure, as with any fertilizer, depend upon how 
intelligently it is used. There are many facts to be learned about 
manure. In the following few paragraphs are mentioned some 
important facts about it, and after that are discussed some practical 
pointers concerning its care and use. 

Some Facts About Manure. — A ton of averse, mixed yard 
manure contains approximately ten pounds of nitn^en, two pounds 
of phosphorus and eight pounds of potassium. When nitn^en is 
valued at fifteen cents a pound, phosphorus at ten cents and potas- 
sium at eight cents, one ton of such manure has an intrinsic 
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fertilizing value of $2.31. When fertilizer prices were greatly 
advaDced by the World War, a ton of ordinary manure bad a value 
of about eight or nine dollars. 

The value based on the retuma from a ton of barnyard manure 
under average, general farming conditions is usually higher than 
this — depending on the soil, method of cultivation and crops grown. 
The returns per ton of yard manure on poor soil amounted t« 
$4.69 in a five-year test made at the Ohio Station. Com, oata, 
wheat, clover «wi timothy were the crops grown. Eight tons of 
manure were applied to the acre — four to the com and four to the 
wheat. On some farms manm« is regarded more as a waste product 
only to be gotten rid of (Fig. 144). Usually, however, it is given 
a value of from one dollar to one dollar and a half a ton. On moBt 
dwry farms the value of the manure produced much more than 
offsets the labor cost of feeding and caring for the herd (milking 
not included). The annual total labor cost per cow is figured at 
Hxteen to twenty-three dollai^, and the value of manure produced 
at twdve to seventeen dollars. (Manure at about a dollar and a 
half per ton.) 

Manures Differ in Fertilizing Value. — ^The accompanying table 
shows the compo»tion of fresh manure produced by various 
farm ^limals. 

Compotitum of Fresh Manitre 

(The fisurw five the number of pounds of [ertitiiing flemente in one tan of muiuie. 



Ani^^ 


percent 


Nitroien 


■^-s.r- 


T.^^ 


Cow 


78 

63 
74 
63 
58 


9-10 
10-15 
11-13 
27-34J 

20 


2.5-3 
2-3 
5-6 

3.5-6 
8 


6-8 








20-23 











* Made by rattening lambs. 

t F^d^^Mifdoter {^. '™ " 

Feeding Affects Value of Manure. — ^The kinds of feed fed an 
animal determine in a laige measure the richness of the manure 
produced. If a cow were fed timothy hay only, the manure would 
be poor indeed as compared with that produced when a cow is 
fed alfalfa, bran, com, etc. When cows are fed bran, the 
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maQure produced b neceaaarily enriched in phosphorus (Feed 
table in Appendix). 

The age of the animal also affects the value of manure. Grow- 
ing ftnimftla remove much more elements, especially nitrogen and 
phosphorus, from the ration than do mature animals. 

The character and amount of bedding and litter also have much 
to do in determining the value of manure. Sawdust and shavings 
add little or no value, and may even lower the value of manure. 



■ pile ioto th« pond. No taijotr cut 

The more bedding and litter incorporated with the excrement, the 
more bulky the manure becomes. 

Amount of Manure Produced by Farm Aniihals. — Roughly 
speaking, it requires about twenty-five cows to produce a ton of 
manure in one day, including what is actually collected in the 
stables; about thirty-three to forty horses when kept in the stable 
all day, and about sixty when they are working; 160 hogs; and 
about 500 to 800 lambs when fed in the feedii^ pen. 

Liquid Portion of Manure Valuable. — Of the total amounts 
of the fertilizing dements contained in manure, about one-half 
of the nitrt^en and sixty per cent of the potassium are found in 
the liquid excrement. Thus, the liquid manure is practically as 
valuable in fertilizing elements as the solid. This fact emphasizes 
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the need of suitable absorbents to take up and conserve this 
valuable fertihzing material. 

Some Practical Pointers on Manure. — ^The results secured 
in the use of manure do not come from the fertilizii^ elements 
only, but also from the organic matter and the organisms added. 
In one gram (one-fifth the weight of a nickel coin) of cow manure 
voided in the stable have been found from a million to 120 millions 
of organisms, and in horse manure from 100 to 150 millions. 

Manure a Quick Fertilizer. — Manure has the quality of being 



Fia. MS.—Tbe maaure from this dury bun goea directly to the fieU. 

a most effective fertilizer, largely because of the fact that it con- 
tains immediatfely, medium, and more slowly available plant-food 
material. About one-half of the nitrogen is soluble, about one- 
sixth of the phosphorus and about one-half of the potassium. This 
makes manure a good fertihzer to Use as a top-dressing on pastm^s, 
hay land and clover and alfalfa fields. 

Stall Manure Better Than Open-yard Maaure. — Manure 
hauled directly to the field and there applied is twice to three times 
as valuable as that which has been allowed to accumulate in an 
open yard for a period of from three to six months. Large amounts 
of the fertilizing elements are leached out of open-yard manure by 
rains. No farmer can afford to follow the practice of throwing 
the manure carelessly from the stables into the open yard and there 
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allow it to becothe exposed to the weather and the water from the 
stable roof. Haulmg it directly to the field or storing it properly 
is universally rect^nized as the only way to get full value from the' 
manure produced, 

When Manure Has to Be Stored. — It is not always convenient 
to haul it directly to the fields {Fig, 145). It then becomes neces- 
sary to store and conserve it for future use. Three points should 
be kept in mind in storing manure, viz. : (a) It should be kept 
moist; (b) it should be kept well compacted, and (c) any loss of 



FiQ, 146.— A manure spreader increuea the leturru per ton ot manure. (Indiuis Statioil.) 

seepage water from the manure pile should be avoided. Losses of 
nitrogen from fermentation may be practicaUy eliminated when a 
manure heap is kept moist and compact. 

The covered manure shed is a popular method of caring for 
manure. Such a shed should be provided with a water-tight con- 
crete floor and with sides sufficiently high to hold the manure in. 
This may be called a manure pit. It diould be so built that a 
manure spreader (Fig. 146) can be run in at one end and out at 
the other. The mahure should be spread out on the floor and 
allowed to be tramped on by the stock. Hogs may work it over 
without danger of losses. 

Manure is often allowed to accumulate in box stalls or in 
covered feeding sheds. It is tramped od by the animals and kept 



3d by Google 



218 NITROGEN, PHOSPHOKUS AND POTASSIUM 

moist by the liquid excrement, sufficient bedding being used to 
abeorb the excess and to keep the stock clean. This is good prac- 
tice provided the manure is hauled out in time and not allowed 
to diy out and heat and decompose long after the animals have 
been turned out to pasture. 

When manure is stored in the open, it should be placed in a 
pile having a flat top and nearly vertical sides. Never should the 
manure within the pile get so dry as to cause "fire-fanging" or 
burning. Piled as in Figure 147 it will heat. 



Fia. 147. — Another farroar bai foriDtten that maDura haa a vHlae. 

Gardeners make use of compost heaps when they desire well- 
rotted manure. Often other materials are mixed with the manure 
when it is being piled, such as phosphate fertilizer, garbage, 
garden wastes, etc., to make the manure a better fertilizer to meet 
their needs. Hen manure can be better conserved and made a 
more adaptable fertilizer to general trucking and gardening pur- 
poses if twelve to fifteen pounds ,of acid phosphate, four to eight 
pounds of muriate of potash, and five to ten pounds of gypsum, 
or land-plaster, were added to every 100 pounds of the fresh manure. 

Manure cisterns and very deep pits are sometimes used to 
store manure, especially the liquid. But because of the difficulty 
in getting the manure out, comparatively few farmers in the 
United States are usit^ them. 

Gypsum, or land-plaster, is often recommended as a conserva- 
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tive material to mix with manure; but the results have not been 
sufficient to encourage its use.* 

Lime of any kind should not be mixed with manure when it 
is being stored, because it favors fermentation. It also liberates 
the ammonia. 

Good Practice to Mix Horse and Cow Manures. — Horse 
manure is a warm, dry manure, and cow manure, cold and wet. 
The mixmg of these two manures in a manure shed is advantageous, 
since the one will absorb the liquid of the other, and the resulting 
mixture is much more easily handled. 

Lig^t Applications Better Hum Heavy. — It has been clearly 
shown that, in general farming, it b better to use medium to light 
applications of manure rather than heavy. In a thirty-five year 
test made at the Pennsylvania Station, a twenty-ton application 
per acre in a four-year rotation resulted in crop increases valued 
at only $5.38 per acre more than when twelve tons were applied. 
The applications were made twice in the rotation or at intervals 
of two years, at the rate of ten and six tons per acre, respectively. 
Com, oats, wheat and mixed clover and timothy were the 
cat)p6 grown. 

Similar results Were secured at the Ohio Station in a seventeen- 
year test in which eight-ton and sixteen-ton applications, made once 
in five years, were compfued; and at the Indiana Experiment 
Station, ^ere comparisons were made between 14.2-ton and &-8- 
ton applications, extending through twenty-three years. These 
results show that when the supply of manure is limited, it is better 
to cover as much land as possible at the rate of six to eight tons 
per acre than to get over comparatively few acres with a heavy 
application (Fig. 148). Herein lies the great value of the manure 
spreader (Fig. 146). It is also well worth remembering that 
frequent Ught applications prove more profitable than heavy 
appUcations at long intervals. 

flowing Under vs. Disking in Manure. — ^The plowing under 
of manure is usually recommended, especiaJly on the heavier soils, 
laj^ly because of the loosening effect produced in addition to 
its fertihziog value. It is best to plow under coarse htter (in the 

* Id a IS-year test made at the Ohio Station in which forty pounds of 
gypsum were mixed with each toD of manure used, the average results showed 
a gain, above the cost of the gypeum, of eighteen cents in case of yard manure, 
and a loss of five cents per ton when it was mitred with stall manure. The 
gypsum cost six dollars per ton. 
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fall), and it is easier to incorporate manure in a heavy soil by plow- 
ing than by disking. Many tobacco growers have found it an excel- 
lent practice to disk in a light application of manure on crummy 
ailt loams, in addition to the manure plowed under. On light soils 
best results are usually secured when fine manure is disked in. 

Concerning the Application of Manure to Clover Fields. — 
It is often asked, "Is it not better to apply the manure as a top- 
dressing to the clover field rather than apply it for com ? " TI^ 



Fio. MS.— The returns from one ton ot mtmure. Eicht-yeu averaee. A, Produce from one 

ton yard manure; B, produce from one ton stall manure; C, produce from one ton 

■talt manure reinforcsd with 40 pounds of rock phoaphata. (Ohio Station.) 

can beat be determined definitely on any particular field or farm 
by trying out the two systems. Soil conditions may also determine 
the course to follow. 

Since soil improvement depends lai^ely on the growing of 
good clover, it seems best, when a soil is low in fertility, to apply the 
manure as a top-dressii^ on the clover. This favors growth and 
root development, so that more hay is secured for feeding, and a 
better sod is formed which greatly increases the organic matter 
of the soil when plowed under. A light apphcation of manure on 
the better clover sod produced in this manner, enables the produc- 
tion of good com or any other cultivated crop. 
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When the soil is in a good state of fertility, applying the manure 
for com seems the better practice. 

Concerning Winter Ai^Iication. — The commoD opinion is 
that severe losses occur when manure is applied to land during 
winter. On steep hillsides there is danger of heavy losses, since 
heavy rains and melting snow wash many of tiie small particles 
of manure from the field. It is better, therefore, to apply manure 
to steep hillsides just prior to plowing. 

On level or gently rollii^ land, losses are generally quite smaU; 
and, no doubt are much less than the losses which occur in the 
average barnyard when the manure is allowed to accumulate there. 

Residual Effect of Manure.— The beneficial effect of manure 
on soils of the heavier types may be of long duration. The best 
known experiment is the one made at an Experiment Station in 
Si^land (Rothamsted). For eight successive years manure was 
applied to a piece of Isnd at the rate of fourteen tons to the acre. 
The land was then left in grass without manuring or fertilizing' for 
fifty years. The yields of hay were compared with those on a simi- 
lar field on which no fertilization was made. The average increases 
in yield for each decade, resulting from the previous applications 
of manure, were fifty-seven, twenty-^our, six, fifteen and twenty- 
eight per cent, respectively.'" 

Manure Hot a Perfect Fertilizer. — General results demon- 
strate conclusively that manure alone cannot majntain fertility 
nor can it be used exclusively in regenerating soils. The continued 
use of such manure on many dairy farms has led to an unbalanced 
condition m the soU. Oat crops especially, secure so much nitro- 
gen that they lodge badly. Many dairy farmers who purchased 
"run-down" farms, and who sou^t to improve the soil through 
the use of manure, have found that phosphate fertilizers, in particu- 
lar, are quite necessary to supplement the manure to give the results 
dedred. On sands, the reinforcing of the manure with both phos- 
phates and potash proves most profitable. 

Of all the materials that may be used in reinforcing manure, 
there are none better than phosphate fertilizers. The Ohio 
Station has produced conclusive results on this point. The follow- 
ing table gives the average results of a fifteen-year test on silt 
loam soil with manure reinforced with phosphates made at that 
Station (Fig. 148). 

<^ The Book of the Rothamsted Experiments, 1917, page 156 
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Net Value of Ae Iiureiaet per Ton of Manure Beir^oreed vnlh Phmphates 





Net value rf 

(Imdudiog 
3 crops) 


























Yaidmaau 


re+40 poimda acid phosphate per ton 


4.10 









mBaiire wu taken from tbe open yard, where it hul been ei- 
4 months durini the winter. Tbe atsll manure waa hsuled 
a Said and gpnad at once in the early part ol winter. The 

t Tlie coat of tlie fertUiier waa deducted before computiDs the net value* tA inereaaa 
per ton of manure. 

Though fajTuii^ with livestock is recognized as an excellent 
way to keep up the fertility, because of the opportunity of returning 
to the land much of the fertilizing elements," yet it cannot be 
assumed that because a farmer has stock on Ms farm he need 
give no thought whatever to the future of his aoil. Manure is 
often poorly cared for, causing enormous losses annually. It is 
evident that the farmer who understands the care, reinforcing 
and proper use of manure will secure far greater returns from his 
land, and be able to pass his farm on to others in a much better 
condition, than the man who farms it without livestock or who 
farms it without any definite plan for maintaining the fertility 
of the soil. 

muBtratioii HalerU] for LeMona.— 
_e fwtiliKerB important ' 
miBcellaneouB samples. 

DemonstTBtiona.— Jl/ateruil Needed. — Enough unproductive soil to fill 
8 two-gallon jars; ICquartsof a light sandy soil; about 3 pounds of green clover 
finely chopped, or its equivalent in dry clover chafF; 12 two-golkm jars; 3 one- 
quart Mason jars; some com and oat seeds; 8 grams each erf sodium nitrote, 
sodium acid phoephate and potassium sulfate; about 2 quarts of fresh hoise 
dung; and a few stripe of red litmus paper. 

" It LB commonly believed that when all crops are fed on the farm, and the 
manure is carefully cared for and hauled to the fields, soil feiiihty can be 
maintained indefiutely. This is impossible, because in the feeding transaction 
unavoidable losses of tbe fertilizdng elements occut^^iarticularly of phos- 
phorus. 



sdbyGoOgle 



LABORATORY EXERCISES 



223 



To DemoDBtnte &« B«iieficial Effect of Active Organic Uatter in Soils. — 
Procedure. — Mix with 16 quarts of a liglit, Handy Boil an amount of green 
clover equivalent to 3 tottn of clover hay per acre. Put the mixture into 2 
two-gallon jaiB, and plant one to com and the other to grain. Fill two other 
jais with the same soil, but without tbe green clover, and plant one to com 
and the other to grain. Obaervs reeulla. 

Queglums.~(i^ Why are legumes generally the best green manuring crops? 

(6) Mention ways in which organic matter improves soil fertility. 

To Demonstrate the Fertilizer Needs of an Unproductive SoU by a Pot 
Fertilizer Test. — Procedure. — -Thoroughly mix a quantity (enough to fill 8 
two-^Ilon jars) of an unproductive soil and fill 8 two-gallon jars. (Provide 
each jarwitJi an opening at the bottom for drainage.) Number t^ jars and 
treat them as follows: 

Jar No. 1 — Give no treatment. 

Jar No. 2 — Add 3 grams sodium nitrate (N). 

Jar No. 3 — Add 3 grams sodium acid phosphate (P). 

Jar No. 4— Add 3 grams potassium sulfate (K). 

Jar No. 5 — Add 3 grams each of sodium nitrate and sodium acid phosphate- 
Jar No. 6 — Add 3 grams each of sodium nitrate and potassium sulfate. 

Jar No. 7 — Add 3 ra^ros each of sodium acid phosphate and potas- 
sium sulfate. 

. Jai No. 8 — Add 2 grams each of the three fertilizing salts. 

The fertilidng salts may be pulverized and mixed with the soil. Plant 
each jar to- com, pl&oe all in a favorable place, and observe results ^ter about 
4 or 5 weeks. 

To Show ' that Anunonla Is fflvsn all from Fennenting Hanure. — Pro- 
cedure. — 'Put some moist horse dung into a quart Mason jar and keep it covered 
in a warm place for about 2 da^. Then hold a piece of moistened red litmus 
paper oyer the mouth of the jar. Note odor of the escaping gas, and note 
change in the color of the litmus paper. (Ammoi 
paper blue.) 



dimg; wet witii water, and tamp down well. Plat* ia a wami place for about 
2 days. Make similar tests as in the previous experiment, 

LaboTfttorv ExercisBS. — Material .Weeded.— Four-quart samples of at least 
four of each class of commercial fertilizers; 3 tumblers; several strips of blue 
litmus paper; a saucer; a little sulfuric acid; 5 one-gallon jars; enough loam 
orsilt loam to fill 6 one-gallon jars; a handful of com; one-half cupful pulverized 
peat; 2 flasks or vinegar bottles; and a tew ounces of ammonium carbonate. 

To Learn to Know the Ccnmnon Commercial Fertilizers. — Procedure. — 
Study the samples of fertilizers provided, and record obeervations_, etc., in 
tabuur form as follows : 



Cl»» 


f^JSL^ 


oM^^S 


P«r cent 
fertiUiing 
slemeDU 


ChkneUr- 
ai condition. 


Applica- 
tion pet 


Cortp« 




N 1 P 


K 























<Ke»p In mind 1oo«l eonditiont). 
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, QuesHtmt. — (a) Which of these fertilizets are true ealte? 
(6) Which of these fertilizers should be used with special caution when 
apphed in the hill? Why? 

(c) What ie the difference between acid phoaphate and rock pboephate? 

(d) Which of the phosphate fertiliierB is the most available? 

(e) Is all the material compoeing acid phoaphate soluble in water? (Try it.) 

(f) How should rock phosphate be used for best results? 

To Continue the Study of Acid Phosphate. — Procedta-e.—A. Place about a 
teaspoonful of acid phosphate in a dish and pour on about a tablespoonful 
of wat«r. Mix thoroughly. Now dip a piece of blue htmus paper into the 
mixture. What does this indicate? (Soluble phosphate salts are acid in char- 
acter.) Should lime be mixed with acid phosphate and applied as a mixture? 
(Conaidt text.) Why? Should add phosphate and agricultural Ume be 
apphed to the same soil the same season? Explain. 

B. Weigh out five grams (tht wcdght of a nickel) of rock phosphate 
Place it in a porcelain dish and add 5 grams of hot (130° F.) sulfuric acid. 
(Handle acid with great care.) Stir well with glass rod, and note changes. 

QuesHong. — (a) How is acid phosphate usually made? 

(b) How does the resulting material compare with the acid phosphate on 
the market? 

(c) Tell briefly iha steps in the manufacture of acid phosphate. (Consult 
any book on fertihzer roflnufacture.) 

(d) Should a farmer attempt to make his own acid phosphate from 
rock phosphate? 

To Study the Effect of Applying Commercial Fertilizers on the Seed in 
the TTill , — Procedure .—Fill 5 one-gallon jars with loam or silt loam and plant 
two hills of corn in each jar. Treat jars as follows; 
Jar No. 1 — No treabnent. 

Jar No. 2 — Apply one-half an ounce of muriate of potash on the seed in 
one hiU, and one-half an ounce of a mu^ fertilizer on the 
seed in the other hill. 
Jar No. 3— Same as Jar No. 2, only apply \he fertilizer in the soil on the 

side of the hills. 
Jar No. 4 — Apply one ounce of rock phosphate on the seed in one hill 

and the same amount of mixed fertilizer in the other hill. 
Jar No. G — Apply muriate of potash broadcast at the rate of 200 pounds 
per acre. Mix the fertilizer well into the soil. Plant 4 
kernels of com. (One acre equals 43,560 sq. ft.) 
Label jars properly, and place in the greenhouse. Water. 
(Students may work in groups of five on this exeroisei) 
QuevUims. — (a) When com is planted in hills 3 feet 8 inches each way, 
how much mixed fertilizer should be applied per hill when 100 pounds are 
applied per acre? 

(6) What precaution should be observed in applying fertilizers in the 
hill or drill? 

To Detennine Why Ban^ard Water is Colored. — Procedure. — Every 
farm boy has observed the peculiar color of barnyard water and has detected 
strong ammonia odors in the horse stable. The one condition is closely related 
to the other in this way: the nitrogen of an animal body is excreted through 
the urine. The principal nitrogenous substance in urine is urea. Utfta is 
acted upon by fermraiting organisms producing tunfflonium carbonate which, 
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vith moisture, has tbe ability to duaolve orgaoic matter. This accounts in a 
large degree for tbe biowniab color of barnyard water. 

We can observe this solvent action in the following experiment: 

Place a good tablespoonful of organic matter (peat) provided in each 
of two flaaks, and add 76 c.c of ammonium carbonate eolutioa to one and a 
like amount of water to the other. Shake each well for five minutes, then let 
stand tta 20 minutes, after which time shake again for a few seconds. Run 
the liquid contents through filters into tumblers and note color of liquids. 
Explain results. 

Hmn* BxpMiments and Projects. — To determine the profitable use of 
acid phosphate on soil deficient in phosphorus. 

Procedure. — Apply 300 pounds of add phosphate on an acre of soil needing 
phosphate. Another acre beside this should be left unfertihzed. Keep account 
of all costs, measure yields, and compute net profits. (One-tenth acre plots 
could be used as well.) 

OUier Fertilizer Projects. — To determine the effect of an application of 
mixed fertilizer applied on com at the rate of 125 or 150 pounds per acre, in 
the hill, with a fertilizer attachment on the com planter. A whole field of 
com may be fertilized in this manner, but leave at least 4 or 6 rows through 0»e 
field for a check. Determine increased yields at harvest time, and determine 
profits in the use of the fertilizer (Figs. 137 and 138). 

Tests may be made determining: 

(a)The value of green manuring on sand or on any Boil poor in organicmatter. 

(&) The value of manure reinforced with acid phosphate. 

(c) The more economic use of manure when applied at the rate of 8 tons 
per acre over a 16-ton application. Keep account <^ all costs, determine yields, 
and compute net profite, 

QUESTIONS 

1. Discuss the importance of available planWood elemente in relation to 

soil fertility. 
2: What are the eletnente moet considered in crop production? 

3. What materials in a virgin soil contribute te the crop requirements of 

nitrogen, phosphorus and potassium? Is this supply inexhaustible? 

4. What is the theory of fertilizers? 

5. What are the substances commonly used to add needed elements to soils, 

or to render more available what is there? 

6. Of what value is leaf-mold, grass, etc.? 

7. What is meant by green-manuring? What are the benefits to be derived 

through this practice? 

8. Does green-manuring ever prove profitable? Is it always necessary to 

apply green manure? 

9. What are the best kinds of green manuring crops? Why? 

10. Why is it important t« maintain the organic matter in soils? 

11. Name some crops dsed in green-mamuing. Discuss their adaptabihty to 

different conditions. 

12. What are some pointe to bear in mind in plowing under green crops? 

13. What crops usually follow green-manuring? Why? 

14. Discuss the importance of green-manuring m soil improvement. 

15. What should determine whether or not a crop should be plowed under 

instead of being cut for hay? What is rowen? 
IS 
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16. In good aoil management, is it necessary to sacrifice a. crop (for green- 

maauring) to make soil improvement poBHible? Explain. 

17. What are oommercial fertilizera? How are the fertilizing elements in 

fertilisers commonly expressed? 

18. Name the four daseea of commercial fertilizers. 

19. Name the common nitrogen fertilizer, and mention some facta about each. 

20. Are farmers to rely on nitrogen fertilizers bh the som'ce of nitrogen? Discus 

this point. 

21. Name the common phosphate fertilizers. Tell of their phosphorus content, 

and availability. 

22. In what three ways may the fertilizing constituent of phosphate fertilizera 

be expressed? 

23. How is rock phosphate made? Discuss its use as a fertilizer. 

24. What is basic slag? Tell of its use. 

25. Compare ground steamed bone meal and acid pho&i^t« as fertilizers 

26. Distinguish between phosphorus, acid phosphate and phosphoric acid. 

27. Discuss in general the necessity of fertilizing with i^offphates. 

28. In what special ways do phosphates affect crops? 

29. A soil of kiw fertility was found to have lost one-half of its original phos- 

phorus supply through exhaustive cropping. Is it absolutely necessary 
to add phosphates to raise the phosphorus content to the original amount 
before the soil can produce maximum yields? Explain. What kind of 
fertilizer should be used during the mat few years of improvement? 
Iiat«r on what substitution may be made? 

30. What phosphate is best to use for top^iressing? When does bone meal 

give best results? Basic slag? Bock phosphate? 

31. Under what conditions do phosphates give best results on some soils? 

32. Which seems the more profitable, rock phosphat« or add phosphate? 

33. Name the common potash fertilizers, and gyve some facte about each 

34. Distinguish between potassium and "potash." 

35. Are potash fertilizers very generally used? What soils aie particularly 

in need of potassium? Name some crops requiring large amounts o! 
this element. 

36. Discuss the use and value of wood ashes, muriate and sulfate of potash, 

and kainit. 

37. What are mixed and complete fertilizeta? In practice, how ate these 

fertilizers designated? 

38. What can be said of the use of mixed fertilizers? 

39. Discuss the relation of commercial fertilizers to the maintenance of 

aoil fertility. 

40. What really determines whether or not a fanner should use, or continue 

to use, commercial fertilizers? 

41. What ate the factors determining the kind of fertilizer to use? Discuss 

and illustrate. 

42. Compare high and low grade fertilizers as to meaning and value. 

43. What is to be said concerning home mixing of fertilizersT What materials 

should never be mixed? 

44. Discuss the ways in which fertilizeiB may be applied. 

45. Are there aver: any beneficial after-effects produced by commercial fertil- 

iierB? What makes this after-effect posnble? 
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46. Whftt is meaat by manure? About what is the fertiluing value of a toa 

of average farm inaaure? Are all manures of equal fertilizing value? 
Illustrate. 

47. F-t'"'" bow feeding affects the value of nmaure. 

48. Of what value ia the liquid portion of manure? 

49. What is the three-fold benefit derived through manure applications? 

50. Why is manure such an excellent fertilizer? 

51. Discuss the eare of manure. 

52. Which is more economical, li^t or heavy applicatioiiB of manure? How 

has this been demonstrated? 

53. Should manure be plowed under for best rtaults? 

M. When is it good practice to apply the manure tfl the clover field? 

55. Is wint«r application of manure a good practice? 

56. Tell of the residual effect of manure. 

57. Can manure alone be used in regenerating soils, or to maintain fer- 

tility? Eicplain. 

58. What is reinforced manure? WLat are some materiak used for this 

[nirpose? 

59. What is the beet reinforcing material for manure? Give a good illustratiDn. 

60. For an outline summary of this chapter, see table of contents. 

PROBLEMS 

1. A man appUed muriate of potash (43 per cent K) to a peat soil at the 
rate of 100 pounds per acre and grew 8 tons oi silage com per acre. Can he 
maintain the potassium supply of that soil if he oontinuest his method of 
fertilization for com production? 

2. A farmer applied a. 3-12-4 fertaliaer in the drill at the rate of 125 pounds 
to the acre, and thereby increased hie com crop 10 bushek per acre. Should 
he continue this practice? 

3. "A" and "B" sell the same general grade of rock phoq)hate. A offers 
hie for SIO per ton with a guarantee of 13 per cent phosphorus. B selb his 
for S12, guaranteeing a phosphoric acdd content of 28 per cent. Who eells 
the cheaper fertilizer? 

4. A land owner wishes to compound a fertiliier containing 5.25 per cent 
phosphorus and 10.5 per cent potaffitum for his marah land. In what propor- 
tkaiB should he mix acid phosphate (7 per cent P) and muriate o! potssh 
(42 per cent K)? 

5. Compound a 2--8--3 fertilizer out of sodium nitrate (15 per cent N) 
acid phoqthate (7 per cent P) and muriate of potash (42 per cent K). 

6. A silt loam oontains 0.04 per cent phoephonis. Its original content was 
0.09 per cent. How much acid phosphate (7 per cent P) would be required 
to raise the phosphorus content of the soil to its original amount? How much 
rock phosphate (13 per cent P)? (See question 29.) 

7. Determine the approximate, normal prices of the following fertilizers 
per ton: Sulfate of ammonia (20 per cent N), rock phosphate (30 per cent 
PiOi), add idioBphate (16 per cent PiO,), nitrate of soda (15 per cent N), 
kainit (14 per cent KiO), muriate of potash (S2 per cent K^O), and sulfate of 
potash (50 per cent KiO). 

8. At 15 cents a pound for nitrq^, 10 cents for phosphorus, and 8 cents 
for polaeeium, determine the fotiluing value of sheep manure. Of good 
ben manure. 
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9. A land owner growa corn aver^ii^ 65 buabels per acre, barley averaging 
40 bushels per acre, oats yielding 50 busbels, red clover averaging 2 toiis, and 
timothy yielding 2 tons per acre, in a 5-year rotation. ~ He manures once in 
the rotation, for com, at the rate of 15 tons of average moaure per acre. 
Assuming no Iobb of fertilizing elements through leaching, can the farmer 
expect to maintain the fertility of his soil by continuing this- piactioe? Would 
it be possible if it were a 3-year rotation with oats and timoUiy left outT 

10. In a test, some horae manure containing 10.2 pounds of nitn^en, 
1.84 pounds of phosphorus, and 8.8 pounds of potassium per ton, was bft 
exposed to weathering for 6 months during the summer. During that time 
36 per cent of the nitrogen, 50 per cent of the phosphorus and 60 per cent of 
potaauum were lost. Suppose 50 tons were thus exposed, what would have 
been the total loss of each of the three fertilizing elements? Their total value 
at 15 cents, 10 cents and 8 cents per pound, respectively? 

11. In the table, page 222, determine the per cent increase in net returns 
per ton of manure due to the use of phosphates as reinforcing materials. 
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CHAPTER XIII 
SOIL ACroiTY AND LIMING IN RELATION TO FERTILITY 

Soil Acidity Explained. — Many soils in humid re^ons are sour 
or acid in character, because they manifest certain chemical 
properties similar to acids. For example, an acid soil when 
suificieatly moistened with pure, distilled water, turns blue litmus 
p£^r' red just as vinegar does, or the juice of an orange. This 
condition is commonly spoken of as "eoil acidity." 

Soil Acidity Lowers Fertility.^ — Soil acidity is harmful iii several 
ways: (a) It causes a lack of available calcium (Ca) to meet the 
demands of crops like alfalfa and clover; (b) it renders the plant- 
food elements less available; (c) it favors the development of 
malnutrition diseases, esjjeciaily of truck crops; (d) it causes 
soils to be less responsive to fertilizer and manure treatments, and 
(e) it favors the growth of certain weeds. It is important, there- 
fore, that soil acidity be corrected to increase productiveness. 

Liming Defined. — The only economic way to correct soil 
acidity is throu^ liming, Tliis means the application of neutraliz- 
ing sutwtances containing lime (CaO). In popular lai^uage 
"agricultural lime" is a general name given these substances, 
which may be either lime carbonates (CaO + carbon dioxide gas), 
lump or burnt lime (CaO), or hydrated lime (CaO + water). 
Whenever any such material is mixed in an acid soil, there b^ins 
at once a chemical reaction between the "lime" added and the 
soil, resulting in a disappearance of the acid conditions if a sufficient 
amount be applied. 

How Liming Improves Acid Soils. — Liming may improve 
acid soils in several ways: (a) Available calcium is added; (b) 
acidity and certain poisonous substances are neutralized, thus 
creating an environment much more favorable to the growth and 
.activity of the helpful soil bacteria, and to the growth of tender 
roots; (c) plant-food elements in soils are rendered more available; 
(d) greater returns are secured from f ertihaalion ; (e) the contin- 
ued use of lime on acid clays and clay loams tends to improve their 

' Blue litmuH paper is paper saturated with blue litmus, and is commonly 
used Bs an indicator for aciae. Litmus is a dyestuS extracted from certain 
lichena. It has t^ property of turning blue in an alkaline solulion and led 
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.structure, and hence favors the development of good tilth; (/) 
weeds can be better controlled. 

Calcium is to be regarded as an important plant-food element, 
particularly in growing alfalfa, clover, peas, etc. Alfalfa fMls on 
an ordinary acid soil because it cannot secure sufficient calcium to 
meet its needs. Such crops as com and grain, on the other hand, 
may grow quite well on acid soils, because there is still sufficient 
calcium in such soils to supply the needs of these crops (table on 
page 62; Figs. 149 and 156). 

Any acids formed in soils throu^ natural processes are neu- 
trahzed by lime if it is present. In soils certain substances other 
than acids may be formed which may prove injurious if allowed to 
accumulate. Lime destroys the poisonous effect of many of these 
substances. The hel^^ul soil organisms especially are injured 
when soils become acid. Most of them favor soils that are suffi- 
ciently supplied with lime. This explains why it is best to lime an 
acid soD before it is inoculated, particularly for alfalfa. 

It has been shown that plant-food elements are more available 
in non-acid than in acid soils. This is especially true in the case 
of phosphorus. Often in a field of uniform silt loam, for example, 
crops suffer for want of phosphorus on acid areas, while on the 
areas not acid a phosphorus deficiency is not manifested — 
eveil though the acid soil contains more total phosphorus than 
the non-acid areas. Acid soils are generally in n^ of phos- 
phate fertilizers. 

It is wise economy to lime an acid sdl if for no other reason 
than to enable the soil to give greater returns from manure and 
fertihzers. Some interesting results from the Ohio Station are 
presented in the following table. These are the results of an experi- 
ment exteading through twelve years in a five-year rotation of 
com, oats, wheat, clover and timothy, on an acid, lor^-cropped 
soil. This experiment is being continued. 

These results, and many others, plainly show that liming is 
the first step in the improvement of an acid soil. 

When crops like alfalfa and clover faU, or are poor and thin 
because of soil acidity, weeds have a better chance to grow, owing 
to the fact that they meet with little or no competition. On the 
other hand, when alfalfa and clover grow thick and stmi^^ under 
favorable conditions as r^ards lime, etc., the weeds are smothered. 
Sheep sorrel, or field sorrel, thrives especially well on acid fields 
in which clover or alfalfa fwls. 
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WHEN LIMING IS MOST PROFITABLE 
Effect of Liming an Aeid Soil 
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Liming Beneficial in Conjunction with Green Manuring.— 
An acid soil is unfavorable to the decompositioii of green-manurii^ 
crops and to nitrification. Moreover, during the decomposition of 
green crops plowed under, acids are formed, causing a temporary 
increase in the d^ree of acidity. For most crops the presence of 
lime to neutralize these acids as soon as they form proves bene- 
ficial. At the Virginia Truck Station best results were secured 
with peas and beans when lime was used in conjunction with cow- 
peas plowed under green or dry in the fall. For best results it is 
desirable, therefore, to lime an acid soil before planting a green- 
maouring aop, or in some cases, to lime just after the crop is 
turned under. 

When Liming is Most Profitable. — Liming is most profitable 
when growing alfalfa. It is common to obtain increases from 100 
to 600 per cent in the growti of alfalfa by liming acid soils, or to 
secure a Buccessful producing stand over absolute failure {Fig. 149). 
Seventy per cent of the alfalfa failures studied in Wisconsin in 
the period from 1912 to 1917 were due to acid soils. T.iming acid 
soils for alfalfa, particularly, may be the means of saving much 
expense in hay production, since it is more economical to produce 
twenty-five tons of alfalfa from five acres propwly prepared than 
from fifteen acres in need of lime. 

Just liming alone has proved about as beneficial as oianurtng 
in growing com on some very acid, black, sandy soils.* 

' Theae Boile are bo strongly acid, farmers consider them barren. 
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Limii^, and also inoculation, may prove very profitable in 
growing peas^ (F^. 122). 

Other Crops Bmi^ted by Liming. — Aside from alfalfa, medium 
red, Japan, and mammoth clovers, and peas, the following field 
crops are directly benefited by liming when grown on acid soils: 
Cabbage, si^ar beets, tobacco, and to a lesser extent, soybeans, 
barley, peanuts, hemp, muskmeloos, and rape. The following 
garden crops grow best on soils sufficiently supplied with lime: 
Asparagus, common beets, celery, lettuce, onions, parsnips, peppers, 
sal^y, spinnach, and to a leaser extent, the eggplant. 

Crops Which Tolerate Acidity. — There are many crops that 
grow well on slightly or medium acid soils — lupines,* cowpeas, vel- 
vet beans, vetch, com, potatoes, sweet potatoes, oats, wheat, 
cotton, rye, buckwheat, atsike, crimson and bur clovers, beans, 
millet, red top, watermelon, blackberry, raspberry and strawberry. 

Alsike clover, soybeans, velvet beans, crimson clover and bur 
clover are well adapted to acid soils, though they grow best on 
limed soils, especially if stroi^y acid. 

Certain citrus fruits, such as grape-fruit, are harmed by timing. 
Other crops, like pineapple, have been injured by an excess of lime 
on sandy soils. 

In some cases, liming favors the development of certain crop 
diseases, such as scab in potatoes; and in other instances it is the 
best remedy — club-root in cabbage and nematodes on root crops, 
for example. 

The fact that there are many crops that can tolerate soil 
acidity does not mean that th^ are not benefited in any way by 
liming . Most of these crops respond to liming because of its 
general renovating effect. Whea clover, for example, is benefited 
through the use of agricultural lime and a prime sod is produced, 
the crops following must necessarily be increased because of the 
better clover and improved soil conditions. It is fortunate, never- 
theless, that there are so many good crops that can tolerate 
slight to medium degrees of soil acidity, since soil acidity is so 
prevalent in humid r^ons. 

How to Tell Acid Soils. — ^Acid soils may be determined in 
different ways, as follows: 

' A S-yetkT test at ColumbuB, Wisconsin, ^ve an aver&Re incretiae of 32.4 
per cent due to limins alone. Field had been inoculated. Soil, silt loam. 

' lupines geoeraUy do not respond to liming, but are frequent^ injured, 
instead. Cowpeas seem to grow well without liming. 
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(a) By tbe ITse of Blue Litmus Paper. — ^This method consists 
in allowing well-moistened soil to come in contact with blue litmus 
paper, which can be secured of any good druggist. When the soil 
is moist from rain or on thawing, make a slit in it with a clean 
knife blade and insert one end of a piece of blue litmus paper, 
then press the soil over it and allow it to stand for fully three 
minutes. If the paper becomes pink in spots or over the whole end, 
the soil is acid. 

This test may also be made by placing the litmus paper in 
between two halves of a ball of wet soil; and, also, if the soil is 
dry, by placing a small amount of soil in a clean dish and moisten- 
ing it with boiled, eoft water to a stiff mud. By means of a clean 
stick, the litmus paper is placed between two portions of the 
wet soil. 

Another way is to place a strip of blue litmus paper on a piece 
of clean window glass, make a mud ball, break it into halves, place 
one of the halves flat side down over the paper on the glass, press 
the soil down firmly, and allow it to stand for five minutes. 

Precautions. — Do not mistake a fading of the blue color of 
the paper as an acid reaction; the change of color should be from 
blue or light blue to pink or pink-red. Keep the litmus paper, 
when not testing, in the dark and in a clean bottle or box. Do not 
allow the portion of the litmus paper which is to be placed in the 
soil to come in contact with perspired fingers or hands. Perspira- 
tion is acid in character. Use water that has been previously boiled. 

The htmus paper test is simple and reliable for field use, but 
it cannot determine the "degree" of acidity very accurately. 

(i) By Chemical Tests.^ — Several chemical tests may be used, 
not only to detect an acid condition, but also to determine the 
d^ree of acidity and the amount of lime necessary to correct 
this condition,* 

(e) By Alfalfa and Clover Failures. — Since alfalfa and medium 
red and mammoth clovers are more or less "sensitive" to acidity, 
the failure of these crops usually indicates acid soils {Fig. 149). 

(d) By the Growth of Certain Plants. — Peat beds qn which 
blueberry, huckleberry and cranberry grow are acid. Uplands on 
which blueberries grow are also acid. Clover and alfalfa fields 

• The Tniog Soil Acidity Test dcviaed at the Wisoonain Station may be 
mentioned as a simple and accurate teat for determining the degree of acidi^ 
in Hoila, and the amount of agricultural lime to use in apedfic cases. SimjAe 
apparatua for making this lest may be purchaaed of school supply houaea. 
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infested with sheep sorrel, horsetail rush (Fig, 150), common 
plantain, paintbrush, com spurry and wood horsetail are usually 
acid. The fields become infested with such weeds because the 
soil conditions are unfavorable to the clover or alfalfa. 

Conversely, soils on which alfalfa, sweet clover and the June- 
berry grow are usually not acid. Marsh lands, or other low soils, 
which become thinly coated with a white substance invariably are 
not acid (Fig. 151). This white substance in humid climates is 
usually mild alkali. 



Fia. 161.— Thia muBb soil u not add becBuae it becomes cmtsd with a thin, white ooitiag 
at mild alkaU. 

Low Wet Lands Not Necessarily Acid.— It is commonly 
believed that all low, wet soils are sour. In a general sense, there 
is no relation, whatever, between wet lands and acidity. In 
sections in which both acid and non-acid soils occur, the low soils 
are the least acid or not sour at all; either because of seepage which 
brings carbonate of lime and other substances to the surface, or 
because carbonate of lime is washed down from the surroundii^ 
uplands, as in a limestone country. 

Acidity is rarely found in soils or valleys which are frequently 
flooded by streams comii^ from limestone regions. 

Peat and muck soils surroimded by high, limestone soils are 
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generally not acid, or only slightly so; whereas those in sections 
where limestone is absent are generally strongly acid. 

How Soils Become Add. — Soils become acid when they lose 
carbonate of lime and other substances of a ^mitar chemical 
nature. la mineral soils, deficiency of carbonate of lime is brought 
about by leaching and cropping. Leaching is the greater factor. 
Certain detenmnations have shown that on ordinary cropped 
fields the total amount of lime removed annually by leaching is 
eqmvalent to 300 to 500 pounds of carbonate of lime per acre to 
a depth of four feet. From uncropped, cultivated fields the losses 
may double these amounts. 



KTouad deetroyed by aulfur iumea. (WucousiD.) 

In undrained peat and muck soils, acidity develoje through the 
accumulation of acids resulting from the decomposition of the 
organic matter; and in drained and cropped peats, deficiency of 
lime may be brought about in the same manner as in mineral soils. 

Acid SoUs Are Extensive. — The great majority of soils of the 
East, South and portions of the Middle West are in immediate 
need of liming, not to mention extensive areas elsewhere. Three- 
fourths and more of the soils of New York, Wisconsin and Indiana 
are acid;' most of the soils of Massachusetts have not sufficient 
lime for highest productivity; the soils of the greater portion of 
Tennessee are acid; large areas of Missouri and Oregon are in need 
of llmii^; the same may be said of Geoi^, Mississippi and 
other states. 
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Tlie Nature of Soil Acidity. — In practically all upland, acid 
mineral soils, the acid characteristics are imparted to them tn^nly 
by insoluble acid substances which in themselves are soil particles. 
In such soils, therefore, reduction of acidity throu^ leachii^ 



In some cases, upland soils may be acid because of the accumu- 
lation of certain organic or miner&l acids (F^, 152 and 153). 

In undrained, cumulose soils, acidity is due, in a large measure, 
to the presence of soluble oi^nic acids which may be largely 
leached out when the marsh is thoroughly drained. On low sand 
islands in undr^ned acid marshes, the soils are usually strongly 
acid because they are saturated with the organic acids from the 
surrounding peat. When the marshes are drained these sand 
islands become less acid. Permanent acidity in peat must neces- 
sarily result. from the presence of insoluble, acid oi^nic substances. 
Loss of lime increases the acidity of drained, acid peats. 

Kinds of Agricultural Lime. — Many materials are suitable for 
limii^ soils, such as: 



A. Carbonates ot lime (CaO+CO,) 



■Pulveriaed limestone. 

■Air-slaked lime. 

■Marl. 
. — -Waste lime. 

-Pulverized ahella, 
.■ — Marble duat. 

■Pulverized coral. 
—Chalk. 



Pulverized Limestone. — Strictly speaking, limestone is calcium 
carbonate {Fig. 154). When a rock counts of a combination of 
calcium and magnesium carbonates it is called nu^estan lime- 
stone or dolomite. The name "limestone" is conmionly applied 
to both rocks. Limestone may be distinguished from other rocks 
by the fact that it gives off bubbles of gas when treated with dilute 
acid (muriatic acid). This is a common test for any carbonate. 

Limestone is prepared for direct agricultural use by crushing 
and pulverizmg (Fig, 155). When it is pulverized so that about 
fifty to sbcty per cent of the material will pass through a sixty- 
mesh sieve' it may be considered of standard fineness (Fig. 156), 
The fine material produces immediate action in soils, while the 

^A 60-me8h sieve means a edeve having perforations Jt of an inch 
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Fio. IM. — A Iim«toae quarry. A Boiuca of acricultiml lime. 

coarse particles give to the soil a reserve of Bme carbonate. The 
best grades of limestoQe contain from 90 to 100 per cent carbonates. 



3d by Google 



240 SOIL ACIDITY AND UMINQ 

In sections far from railroads aud from limestone^ulvet 
plants, and in which outcrops of good limestone occur, farmers 
may find it much more economical to pulverize their own limestone 
by using small pulverizing machines (Fig. 157). Limestone is 
often found on farms wbeie the fields are acid (Rgs. 158 and 159). 



Fia. 155. — Limestone pulveriierB are built on the Bwing-hammer prineiple. 

Limestone screenings from crushed rock are frequently used 
for liming. Sometimes this material is as fine as pulverized lime- 
stone, but more often it is rather coarse, and hence slow acting. 

Magnesian limestone in general is equally as good as pure 
limestone for liming. 

Pulverized limestone is considered best to use on sandy soils. 
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Fia. 156. — linMabme converted into soil imprsvement material. This soil ia ftcid evi 



ia underlidd by liou 



Fts. 157, — Thb (umei u pulveriiini his own limestone for i 
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Fig. 188. — Thi« fwmer toond it good outerop of eireilent 



iTop of en^l 
ingly sold. 



Fig. ISB.— a hhI derived from 


limatone and underiaid b^ erumbled 


u Mid to a depth of thr» uid o 


ne-half feet, within two iDcbee of the , 



Air-slaked Lime.— This is formed when lime used in making 
plaster and mortar is exposed to the air. On exposure, the carbon 
dioxide gas of the air is absorbed and this action converts the lime 
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into lime carbonate agtun. Air-slaked lime is usually finely divided 
and can be applied directly to the land. 

Marl is a napie given to earthy deposits, usually more or less 
friable in character and containing varying amounts of carbonate 
of lime. Marl beds are usually found in marshes. If a farmer 
has a deposit of good marl and his soils are acid, he can utilize 
such a deposit as a soim;e of agricultural lime. Marl should be 
allowed to air-dry before using (Fig. 8). 

Pulverized kiln-dried marl may be purchased for liming in 
some sections. 

In New Jersey, the term "marl" is applied to Greensand 
material which contains some potassium. Deposits of shells 
partially disintegrated and more or less cemented tc^ther are 
found in some locahties. Such deposits are commonly called 
"shell marl." 

Waste lime is a by-product from industries, sudi as lime- 
kilns, gas works, paper mills, beet sugar factories, tanneries and 
water-softenii^ processes. Some of this material may contain 
substances that might be injurious to plant growth ; and sometimes 
it is very wet, making its application difficult and tran^mrta- 
tion unprofitable. 

Pulverized Shells and Coral. — Oyster shells, clam shells, and 
coral, when cleaned of dirt and organic matter, contain from 
ninety to ninety-five per cent carbonate of lime. When pulverized 
these make excellent materials for liming. Shell dust may be 
secured in some places as a waste product from button and chicken 
grit factories. 

Marble Dust — In the East, limited amounts of marble dust 
as waste from marble works are available. This is high-grade 
liming material. 

Natural chalk is carbonate of lime that has been deposited 
in much the same way that marl has been. Chalk has been used 
to a considerable extent in European countries. In this country 
such deposits are of insufficient extent to be considered a source 
of ^ricultural hme. 

Lump or Burnt Lime. — This is quick or caustic lime — the 
most concentrated form of lime that may be used. It is produced 
by heating limestone to a red heat in Idlns, thus drivii^ out the 
carbon dioxide gas and leaving the common lump lime. This form 
of lime can be procured in every town. When used in proper 
amounts little or no injury can come from its use, especially on 
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the heavier aoik. It should be finely ground, water-elaked or 
^-slaked before applying. Wheu lump lime is finely ground 
the term "ground hme" ia given it. 

Lump lime for agricultural use is more generally used in the 
Eastern States than in the Middle West. 

Hydrated lime. — When lump lime is treated with water or 
steam, In the absence of aii it becomes a powder quite like ground 
lime in appearance, if the proper amoimt of water or steam is 
used. The names "hydrated lime," "limoid" and "limate" are 
given this product by manufacturers. It is finely divided and 
ranks next to lump lime in concentration. This material is not 
commonly purchased for liming. 

Land-plaster Cannot Correct Acidity. — Land-plaster, or gyp- 
sum, is sulfate of lime, a material quite different from carbonate of 
lime. Under certain conditions it supplies calcium and sulfur as 
plant-food elements, but when pure it has no value in correcting 
acidity. Usually common land-blaster contains a trace of car- 
bonates as impurities, but not enough to give it any value 
as a neutralizer. 

ConqMiative Value of Agricultural Limes. — The neutrahzing 
value of any material used in limin g depends upon its content 
of lime (CaO) or the equivalent in carbonates, and on its fineness. 
- Pure limestone, for example, contains fifty-six per cent lime (CaO), 
or it is 100 per cent lime carbonate — forty-four per cent beh^ 
carbon dioxide gas (CO2). It is the calcium and magnesium or 
their oxides (CaO and MgO) which produce the beneficial effect 
in acid soils; and the finer the material, the quicker the action. 
Accordingly, the comparative value of the different forms of lime 
may be stated as follows : 

(o) On the basis of hme content — one ton of lump lime equals 
1.3 tons of hydrated lime equals 1.8 t<ms of carbonate of lime, 

(b) On the basis of neutralizing vaJue when dry and of equal 
fineness — one ton of lump lime equals 1.3 tons of hydrated lime 
equals 1.8 tons of carbonate of lime. 

(c) On the basis of quickness of action, considering pulverized 
limestone as it is commonly used — one ton of lump lime finely 
divided is equal to about three tons or more of pulverized limestone. 

Finely pulverized limestone is much nrore effective than coarsely 
crushed limestone. 

Best Material for Liming.— For first application to benefit 
special crops like alfalfa, it is desirable to use finely divided 
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materiaL Coarse material may be used for subsequent applica- 
tions. For quick results, lump lime, hydrated lime or finely 
divided air-slaked lime may be used. Pulverized limestone, marl, 
ground shells, or marble dust is usually preferred on sandy soils. 
Lump and air-slaked lime may also be used, but never in excessive 
amounts. On acid peats and mucks, lump lime, hydrated lime and 
fine air-slaked lime are good. 

Ordinarily, the best agricultural lime to use is t^t material 
which is finely divided and which contains tiie most lime, or car- 
bonate equivalent, in a dollar's purchase (all cost and labor to 
get it applied to be considered). It is important, therefore, to 
know tte moisture and lime, or carbonate, content of any material 
before buying. Whenever agricultural lime is secured through 
transportation, it is cheapest to purchase it in carload lots. 

Amounts of Lime to Apply. — The following rates of application 
to the acre may serve as guides in liming: 

One bm pulverized liisestone, marl 

or shell dust (preferred) 
500 to 1000 pounds lump lime or 1 

ton air-elaked lime 
Two to 4 tons pulveriied limestone, 

marl or shell dust (preferred) 
One to 1}^ tons lump lime, or from 

2 to 3 tons air-slaked lime 
One to 1 ^ tons pulverised limestone, 



Of slight acidity 



Of strong addity 



[Of slight addity 

Two to 4 tons pulveri^d limestone, 
or other carbonate. (Heavy appli- 
cations for crope like alfalfa, cnvsr 
[ Of strong acidity and peas) 

One and one-half to 2 tons lump 
lime. (Especially good for clay 
loams and clays} 

The coarser or mtne wet the material, ihe heavier should be 
the application. 

Poor acid soils are in greater need of lime than rich acid soils. 

When and How to Apply Lime. — In liming it is well to remember 
that the place for lime is in the soil and not on top of it; and the 
more thoroughly it is mixed with the soil, the better the results. 
Commonly, the full effect does not show until two to four years 
after the lime apphcation is made. Any rational method whereby 
lime may become thoroughly incorporated in the soil is recom- 
mended (Fig. 160). 
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Liming should be done previous to planting tlie crop to receive 
the direct benefit. To be moat effective, Ume should be applied 
to plowed land and thoroughly mixed in by harrowing or disking. 
Application may be made at any convenient time. It is good prac- 
tice, when alfalfa and clover is to follow com, to apply the lime 
when the ground is fitted for com, particularly if a carbonate form b 
used. In BO doing the acidity is much reduced before the alfalfa or 
clover is sown. In such cases pulverized Umestone may be conven- 
iently applied by spreading it over the spreader-loads qf manure. 



Flo. 160. — Applying lime with a lime epreader. 

Lime is most conveniently applied through the use of lime 
spreaders (Fig. 160). When only a few acres are to be limed at a 
time, the material may be spread by hand directly from the wagon 
if it b damp enough to prevent excessive blowii^; otherwise it b 
best to place the material in small piles, then spread it over the 
ground by means of shovels. 

Lump lime is best applied by placing it in small piles about 
two rods apart each way on plowed ground. If a ton, for example, 
is to be applied to the acre, fifty pounds should be placed in each 
pile. When the lime becomes slaked, it is spread and dbked. 
It is usually best to shovel the pile over at least once to facili- 
tate slaking. 

Dry air-slakod lime, quicklime, hydrated lime and kiln-dried 
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marl are disagreeable to bsBdle because of the dust inhaled. 
Wearily a moist sponge over the nose is a good precaution. 

Applying Lime As a Top-Dressing. — The application of finely 
pulverized limestone, marl and thoroughly air-slaked lime as a 
top-dressing on sandy soils for young clover or alfalfa may prove 
quite beneficial, though best results may be obtained by liming 
^e plowed field sufficiently before seeding. The openness of a 
sandy soil enables the fine lime particles to be carried down more 
or less into the soil. Top-dressings on heavy silt and clay loams 
have not given satisfactory results, for these soils do not permit 
the entrance of lime particles as do sandy soils. 

Somethnes a farmer wishes to lime hia spring's seeding of clover 
on open silt loam, for example. In such a case, partially air- 
slaked or hydrated lime, finely divided, applied at the rate of a ton 
and a half or two tons to the acre early the following spring before 
the frost is out may prove beneficial. Such an application should 
not be made after the young plants have started thdr new year's 
growth, because sufGcient caustic lime may be present in the mate- 
lial to injure them. 

The application of lime as a top-dressing for pasture and per- 
manent hay lands rarely fffoves profitable. The lime, exposed to 
rain as it lies on the firm surface, loses its fine phy^cal state, and 
is taken but slowly into the body of the soil. 

How Often to Lime.— The effect of even a moderate application 
of lime on an acid soil lasts a number of years. Leachir^ experi- 
ments have shown that the lime added to an acid soil does not 
leach out so rapidly as is commonly beheved. Some experiments and 
field tests have shown that when agricultural lime is mixed into the 
top six inches of an ordinary acid soil, it passes downw&rd very slowly. 

On some fields which were limed more than ten years ago, the 
effect of the lime seems to be just as apparent now as then. When 
an acid soil is given an application of lime sufficient to neutralize 
all the acidity in the surface six or eight inches, subsequent liming 
may not be necessary for many years. The need of more lime can 
easily be determined by testing the soil for acidity. 

Cn^ing Conserves Lime.- — On an acid silt loam at the Cornell 
Station, New York, an application of burnt lime, at the rate of 
3000 pounds per acre, did not increase the amount of lime found 
in the drainage waters from that soil.^ These leaching experiments 
a the fitst 3 feet and 
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show an average annual loss of about 433 pounds of carbonate of 
lime per acre to a depth of four feet when the land is cropped, and 
a loss of 918 pounds per acre when the land is left bare without any 
vegetation. The equivalent of thirty-three pounds of carbonate 
of lime was removed by the crops. Thus the equivalent of 452 
pounds of carbonate of lime waa conserved by cropping the 
land. These experiments show that cropping conserves the lime 
in the soil as compared with the same soil left bare, and that the 
annual loss of carbonate of lime per acre to a depth of one foot is 
probably not much more than about 108 pounds when the land 
is cropped.* 

Deep Plowing Cannot Be Substituted for Liming. — It is some- 
times reasoned that the lime which leaches out of the soil is caught 
and held in the subsoil, and that if the land is plowed deeply, this 
lime can again be brought to the surface. When soils are medium 
to strongly acid, this is impossible, since to a depth of a foot or 
more the subsoil is just as acid as, or more acid than, the first 
six or eight inches of surface soil." 

Residual Soils from Limestone Become Acid. — It is usually 
difficult for farmetB in certain sections in which are found soils 
derived from and underltdd by limestone to understand how it is 
possible for them to become acid. Frequently in such cases the 
carbonate of lime has been so thoroughly leached out of thran that 
the subsoils to depths of fifty inches or more, or to within two or 
three inches of. the rotten, underlying limestone, possess extremely 
high d^rees of acidity (Fig. 159). 

The Surface SoU the Critical Zone. — It is a common behef 
that soil acidity has a direct injurious action on the roots of 
plants. Alfalfa, if any, would be most affected, since it so often 
fails because of acidity. On the contrary, no such injury has ever 
been found in ordinary acid soils.'" Again, it is often thought 

■ Ulinois Station concludes that the equivalent of 510 to 760 pounds of 
carbonate of lime is leached from Ute suiface 21 inches of soil annutdly. 
HI. Bui. 212, 1819. 

■ Based on the Truog test for acidity. Author's conduaiona baaed on the 
testa of more than 300 samples of soil collected in &-inch zones from more than 
50 widely scattered fields. ' 

"' Hundreds of alfalfa roots extending into deep, strongly acid subsoils 
have been examined by the author on widely scattered fields. Recent investi- 
gations at the Wisconsin Station show that the a<udity of the plant Bap is 
sometimes higher than that of most acid soils. The acidity within the root, 
therefore, is often greater than that outside in the euirounding soil. 
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that it is unneceesuy to lime an acid soil underlaid by limestone, 
because the plant roots would quickly penetrate de^ enoi^ to 
feed on the carbonate of lime. Numerous experiments show clearly 
that when an acid soil is limed and the material thorou^y incor- 
porated in the surface five to eight inches, alfalfa can be grown 
most successfully; and if not limed, failure results, regardless of 
the facts that the acid soil may be imderlaid at depths of two feet 
or more by partially decomposed limestone, and thoroi^ inocu- 
lation made (Fig. 149). 

Alfalfa Can Grow Well on Rich Acid Soils. — In some sections 
it is not rare to see most excellent crops of alfalfa growing on quite 
acid soils without liming and inoculation. These are either 
tobacco fields which have been heavily manured annually for 
several years, or rich and well-drained new lands. In either case 
the alfalfa feeds on the soil as com does, for example — being able 
to secure its requirements without liming and without the aid of 
nitrogen-fixing, nodule organisms. In some of these fields the 
alfalfa roots were fairly well supplied with nodules, though not 
nefu-ly so well as compared with alfalfa growing in normal non- 
acid soilsi 

Usually, however, it is profitable to lime even these amis as 
well as those only slightly acid when growing alfalfa. It has also 
been found that the richer the soil the higher the d^ree of acidity 
alfalfa can tolerate. 

Not Necessaiy to Neutralize AU Acidity at Once. — Some soils 
axe so strongly acid that it would be prohibitive to apply sufficient 
lime to neutralize at once all the acidity in the surface six or eight 
inches. For most general farm crops it is not necessary. In such 
cases, a three-ton or four-ton initial application of pulverized 
limestone, for example, may be sufficient to give desirable results 
(Fig. 149). 

Use and Misuse of Lime. — The use of lime in agriculture is 
perhaps one of the moet strildng iUustratioijs of the tendency on 
the part of the farmer to seek some panacea, or cure-all, for soil 
ailments. Its use in farming dates back to 1100 B.C., and earlier. 
History shows that in some places liming has been encouraged and 
again discouraged, doubtless because of its misuse. The two 
following quotations are good illustrations: 

"Now that this lime [meaning liunp or quicklime] is of 
eccellent use, and wonderful profit, do but behold ahnost all the 
Countries of the Kingdom where there is any barrenness, and you 



3d by Google 



250 SOIL ACIDITY AND LIMING 

shall find and see how frequently Lime is used, in so much that 
of mine own knowledge in some Countries where (in times past) 
there was one Bushel made or used, there is now many loads, and 
all risen from the profitable experience which men have found 
in the same." (Published in London, Eng., 1660.) 

"We must guard against its [referring to lump or quicklime] 
abuse, for it has been abused terribly in times past, so much so 
as to give rise to two dictuma — inexact it is true: 'Lime enriches 
the father and impoverishes the son'; and again, 'Lime once and 
make a fortune. Lime twice and lose it.' In either case the blame 
ought not to be put on the lime, but on the person who has abused 
it. It would be better to say, 'When lime has impoverished the 
soil it is because the farmer does not know how to use it, ' " (Pub- 
lished ui London, Eng., 1916.) 

Too much should not be expected of a^cultural hme. It 
contains no nitrogen, phosphorus or potassium,'^ and hence it 
cannot supply any of these elements. It alone can never maintun 
fertility or restore a depleted soil to its original productive- 
ness. An eminent limii^ authority^ in this country has written 
the following: 

"Lime will not take the place of fertilizer or manure; on the 
contrary, lime will only produce its full effect on land that has been 
previously well fertilized or manured." 

Fertilit; Regulated Through Liming. — The benefits to be 
derived through liming are so fundamentally important that 
sufficient lime in the soil may be r^arded as a fertility regulator. 
Its proper use in increasing crop production and in maintaining 
fertility presupposes the presence of a good supply of nitn^en, 
phosphorus and potassium. Just lime alone, therefore, is not ttie 
only material to add to a depleted soil to grow good clover or alfalfa, 
or to r^enerate that soil. Liiping is a necessary first step towards 
improvement, to be supplemented or followed by the use of phos- 
phate fertilizers, manure, green manure and, on some soils, a 
general use of fertilizers including potassium. Lime, acid phos- 
phate, and manure may be added the same season. It is best, 
however, to mix the lime thoroughly into the soil before applying 
any soluble phosphates. An old dogan said: "Lime and lime 
without manure makes both farm and farmer poor." 

"Wsete lime from beet-eugax faotories oontams Bmall amounts of 
these elements. 

" Director Thome of the Ohio Station. 
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Whenever liming alone increases general crop production, 
fertilizer needs become more urgent, since the increases make a 
heavier draft on the soil reserve of the plant-food elements. 

ThoL^h there are many crops that can tolerate acidity, yet 
most of them will respond to liming because of the favorable con- 
ditions created within the soil by the added lime. It is, indeed, a 
deplorable fact, that in some sections farming without the use of 
agricultural lime represents much waste of time, money and effort. 



Show 2 or 3 other line carbonatea. 

Show a good grade of pulverized limestone, or other forma of agricul- 
tural . lime. 

Dranonstrations. — Maieriol A^ewfei,— Several strips of blue litmus paper; 
a little vimeKar; an orange; an apple; a httle anunoma water; a pint each of 
strongly acid upland soil and unomined acid peat; a Truo|; aoil-aadity testing 
ou^tj a amall baking-powder can: a bottle of muriatic acid; several materials 
contaming lime carbwiat«; 12 tumblerB; a 20-me8h screen; a 100-mesh screen; 
2 tablespoonfuls of ooaraely crushed limestone ; and a teaspoonf ul of very finely 
pulverized limestone. 

To Demonstrate th« R«actioa of Add Substances, Including an Acid 
Soil, on Blue Litmus Paper. — Procedure. — With blue litmus paper test the 
reat^n of vinegar, of water, ammonia wat«r, apple juice, orange juice, and 
of strongly acid soil. 

QMStion. — When is a soil said to be acid or sour? 

To Demonstrate the Truog Acidity Tegt. — Procedure. — Follow directions ■ 
accompanying testing outfit. 

A. Demonstrate the reaction of a strongly acid soil. 

B. Teat the same soil, only use hard wat«r instead of distilled water. ¥ix- 
plain results. 

To Demonstrate the Hatin^ of Soil Acidity. — Procedvre.—A. Fill a small 
baking-powder can with an add sandy soil. (Perforate the bottom and place 
a piece of cheese clo^ over the bottom.) Allow about 4 quarts of hot soft 
water to percolate through the sand. Dry a sample and reteet for acidity. 
Compare the -results with first test. 

Question. — Why is it not possible t« wash out the "acidity" in the 
sandy soil? 

B. fiepeat the experiment and use bn undrained add peat soil. Ex- 
plain results. 

To Show How to Teat for a Carbonate. — ProcedKre.— Put a teaspxmful of 
lump lim p into a tumbler and pour on it about a tableapoonful of dilute muri- 
atic acid. Repeat teat and uae air-slaked lime, limestone, shells, coral, etc. 

To Demonstrate that the Fine Material in Pulverized Limestone is die 
Quick-acting Material. — Procedure. — A. Obtain about 2 teaspoonfuls of 
crushed limestone (from a sample of pulverized limestone) that will not pass 
throu^ a 20-meah screen. Wash tnls coarse material thoroughly several 
time^ with acidulated water to remove all adhering fine particles. Obtain a 
teaffMmnful of fine material that will pass through a 100- or 20O-me8h screen. 
Fill a tumbler half full of water and add a few tmtps of muriatic acid to make 
distinctly acid to blue litmus paper. Mix thoroughly. Pour one-half of the 
acid solution into a second tumbler. Into one put the two teaspoonfuls of 
coarse particles of limestone, stir, and let stand 30 or 46 minutes, then teat 
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OKain with blue litmus paper. Into the other tumbler pour the teoBpoonfuI 
^ the fine material, atir for a few seconds, and teat nitli blue htmuB paper. 
Explain reeulte. 

B. Repeat the teet but use pure gypeum (calcium sulfate) instead of the 
finely pulverized limestone. 

Laboratoi? Exercises. — MaierM Needed. — Several small stripe each of 
blue and led UtmuB paper; 8 tumblers; about a cupful each of 3 soils to test 
for acidity; a half ouftful each of a common salt solution, soapy water, vinegar 
solution sweetened with sugar, and sour milk or whey; four or five sauceis; 
a piece of window glass; a small amount of pure gyi)8um (calcium sulfate); 
iH^uart samples of agritniltural limes; a bottle Of muriatic acid; and a quart 
of coal ashes. 

To Determine the Reaction of Different Solutions by the Use of Litmos 
Paper. — Procedwe. — A. Dip a small piece of blue litjnus paper into an acid 
solution provided. What happened? Try a piece of red fitmus paper. Any 
reaction? Acid turns blue litmus paper red. 

B. Dip a jiiece of blue htmus paper into an alkaline solution. Any reac- 
tionT Test with a piece <^ red litmus paper. What change takes plaoe? 

An alkaline solution turns red litmus paper blue. An alkaline solution 
has an opposite reaction to that of an acid solution. 

C. Test pure water with blue and red libnus paper. 
Water is a neutral material, neither add nor alkatine. 

D. By Uie use of blue and red litmus paper determine the reaction of the 
following solutions; 

A common salt solution; soapy water; vin^^ solution sweetened with 
sugar; and sour milk or whey. 

Queation. — What is litmus? 

To Test for Soil Addity by the Use of Blue litmus Paper— Procedure. — 
A. Place about 3 tablespoomuls of soil in a clean saucer and moisten to s thick 
mud with clean, soft water, pieviously boiled. With a clean stick separate 
the mud into two portions and lay on one portion a piece of blue litmus paper. 
Preea the other portion of wet soil firmly down on the paper; leave for about 
3 to 5 minutes, then carefully remove the upper portion of ihe soil and examine 
the paper. Note icsults. and interpret. 

B. Test another soil, but this time place the piece of blue litmus paper 
between the two halves of a mud ball. 

C. Teat a tMrd soil. This time lay litmus paper (m a piece of window 
^BSB, and cover with oner-half of a mud ball. 

To Show that Lime Will Correct Soil Acidity. — Proeedvrv.—A. Haoe 
about three tablespoonfuls of acid soil in a clean sauoer and thorou^y mix 
with it about a quarter of a teaspoonful, or lees, of air~slaked lime. Moisten 
liie mixture and test with blue htmus paper as before. (Select either one of 
the three methods.) 

B. Bepeat and use puie Kypsum (caldum sulfate) instead. 

Que^ion. — What effect did the lime have on the acid soil? 

To Study Different Forms of Agricultural Lime. — Procedure. — Examine 
-carefully the samples of different agricultural limes provided and record facts 
and observations m tabular form as follows: 

^ ChI™.**. .„«_,,„_ r-™, ClijrKleri.ti«: _Ml<.r. 
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Test the difFerent materialB for carixinatea by pladn^ about a quarter 
of a teaspoonf ul in a tumbler and pouring on a few drops of dilute muriatic add. 

Questttm*. — (a) What kind (d gae i« given off when a carbonate is treated 
wiUiacid? 

(6) What becomee of much of this gas after it escapes into the air? 

ic) What is a carbonate? 

(d) Name three caibonates. 

(e) What Mnds of carbonates are present in pure limestone, wood ashes, 
and air^fllaked lime? 

(f) Would you use coal ashes as a neutralizer for acid soils? As a fertili*er7 
Home Experiments or Projects. — Object. — To demonstrate the profitable 

use of agricultural lime on acid soil for alfalfa, clover, lespedeza or peas. 

Procedure.— Select an acre or half an acre of well-drained acid toiI. Divide 
into two portiona. Thoroughly lime one plot and leave the other olot unlimed. 
Sow aifaua, peas, lespcdeza or common medium red clover. Inoculate both 

C' ta. Determine to what extent the use of lime increased the value of the 
d as an income producer. (Consider the crop grown.) Determine net 
profite in the use of hme (Fig. 146). 

To Demonstrate &e Hoed of Both Lime and Pbomhate on s Long- 
crapped Acid Soii — Procedure. — Select an area of acid soil, divide into two 
stnps^ and lime, as described in above project. After the lime is thoroughly 
mixed into the soil by dieking, apply acid phoaphat^ on one-half of eat^ 
Strip at ths rate of 300 pounds per acre. "Drag* the fertilizer into the soil. 
Hant com the first year, (ffain the second, and clover the third. Apply 300 
pounds of add phosphate for grain the second year. Apply the fertilizer to 
the same end receivmg the phosphate for com. Do not fail to inoculate the 
whole area for the clover. 

Determine the net profits from liming and the use of lime and phosphate 
for the 3-year period. 

Reld Studios.— 1. Collect sample of soils from a few fields showing indi- 
cationg of acidity and test for acidity either in the field or laboratorv. 

2. Collect samples of soil from areas growing good clover or alfalfa and 
from areas where the clover or alfalfa failed or is growing poorly. Test the 
soils for acidity. 

QUESTIONS 

a this condition be corrected? 

,. . 5,. __j£ricultu 

4. Discuss the beneficial effects o 

6. Under what conditions does green manuring give best results? 

6. What crops in particular give most direct profits from limii^? Name 

other crops benefited directly by limin g 

7. Name several crops especially adapted to "acid agriculture." 

8. Besides clover, a farmer grows com, wheat, oats and timothy in a five-year 

rotation on acid soil. If he were to lime his land could he expect profit- 
able returns from the other crops as well as from the clover? (Table, 
page 231.) 

9. How may acid aoils be detennmed? 

10. Describe the blue htmus paper teat for acidity. 

11. How may certain weeds maicate acidity? 

12. What relation is there between soil acidity and low wet lands? IDiscuss 

this point. 

13. How do soils become acid? 

14. How extensive are add soils? 

15. Can soil acidity be reduced through leaching? Ebiplain. 
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16. Ntune aeveral kinds of agricultural lime. Into what three groups may 

they be classified? 

17. What is limestone and how is it prepared for ogriculturBl use? What ie a 

test for limefltone, or for any carbonate? 

18. What may be considered standard fineness for pulverued limestone? 

19. When may farmers find it economical to pulverize their own limestone? 

20. What is air-slaked lime? How does it differ from limestone? 

21. What is naarl? Waste lime? TeU of their values. 

22. What are lump lime, groxmd lime and hyiirated lime? 

23. What may be said of lump lime for limin g? 

24. What is land plaster? Can it be used to correct soil acidity? 

25. Ckimpare the value of lump lime, hydrated lime and carbonate of lime as 

regards lime content, neutralizing power and quickness of action. 

26. What is the best material to use for liming? 

27. How much lime should a farmer apply to his acid soil? 

28. What facta should guide in determming tlie time and manner of apply- 

ing lime? 

29. How may agricultural lime be applied? 

30. Should a farmer apply lime as a top-dressing? 

31. How often should nme be applied? 

32. Why caimot a farmer, instead of liming , plow deep and turn up the carb<»)- 

ate of lime leached from the surface soil? 

33. Can residual Hmestone soUs become add? Explain. 

34. Does soil acidity have any direct injurious effect on the roote <S 

plants? Discuss. 
36. Is it necessary to inject lime into the subsoil for best results? Explain. 

36. Under what conditions can alfalfa grow well on acid soils without any 

special treatment? In such cases does liming prove beneficial? 

37. A farmer finds his soil requiiee the eqvdvalent of six tons of pulverized lime- 

stone to completely neutralize the acidity in the seven inches of surface 
soil. Is it necessary to add that much Ume in the first application? 

35. What gave rise to such a saying as "Ume enriches the father and impover- 

ishes the eon"? 
39. Discuss the proper use of Ume in relation to soil improvement and fertil- 
ity maintenance. 

' ' ' ' ' e of liming about which you know. 

PROBLEMS 

1. Determine the per cent increase in net profits per acre per rotation due 
to liming for each of the fertilizing treatments mdicat«d in the table, page 231. 
Detenmne the net profits per acre in the use of lime alone. 

2. About how many tons of lump lime may be made from twenty tcms of 
good limestone? 

3. A small field 12 rods square is to be pvKa an application of one ton of 
lump lime to the acre. 

(a) How many pounds of lump lime would be required? 

[b) For convenience, the Ume is to be spread from small piks placed two 
rods apart each way. How many piles should be made in the field? Draw a 
dia^^un of the field to a scale of one-fourth inch equals a rod, and indicate the 

rcomes thoroiidiJy air-slaked, how many pounds of 

a each pile? The application of lump lime would 

y pounds of carbonate of lime for the field? 
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CHAPTER XIV 
HARMFUL AGENTS m SOILS AFFECTING FERTILITY 

"Absence of harmful agents in soils" is the one negative 
factor named with the positive factors determinii^ aoil fertility. 
Water, air, good tilth, helpful soil organisms, and available nitrogen, 
phosphorus, potassium and sufficient lime are all necessary to 
create within the soil the power for producing large crops; but 
the presence of any harmful agents may nullify the effect of all 
these positive factors. In conaidering a case of low yield or infer- 
tility, it is important, therefore, not only to examine into the posi- 
tive factors det«rminii^ fertility, but that investigation be extended 
to a consideration of harmful agents within the soil as well. Some 
of these harmful agents are discussed in the following paragraphs — 
not fully but sufficiently to illustrate the importance of this nega- 
tive factor. 

Woims and Insects May Destroy Crops. — Frequently a farmer 
is at a loss to know why some particular crop should "stand still" 
or fail when all conditions seem favorable. The white grub, wire 
worm, the com rootworm, the ma^ot, and e^ worms or nema- 
todes are common "worms" that live in the soil and which often 
injure crops by feeding on their roots. 

Wfiite Gnib. — In some fields, as in southwestern Wisconsin, 
northeastern Iowa and northwestern Illinois, the white grub often 
causes complete lose of the com crop. It may also cause much 
injury to timothy, potatoes, lawns, strawberries and beans. These 
grubs are the larvae, or the young, of the May beetles or "June 
bugs." They feed on the roots of various plants and on potato 
tubers. Early October plowii^ will destroy many of these grubs. 

The vnre vxyrm is the young of the click beetle, and is generally 
harmful to com on old sod. These worms, like the white grub, 
Uve in the soil two years before they change into the beetle form. 
This explains why the wire worm often causes more injury the 
second year after an old sod is broken than the first year. 

Com Rootworm. — Com growers in the Southem states, particu- 
larly, suffer much damage from the com rootworm or "budworm." 
In some seasons it ia difficult to get a stand of com in the lowlands 
on account of these worms which are but the young of the twelve- 

255 
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Spotted cucumber beetle. These worms are slender and yellowish- 
white with a dark-brown head. They not only feed on the com 
roots, but in young com they bore into the stems and eat the inte- 
rior, boring out the crown, and killing the bud. Burning over waste 
places and growing other crops on fields badly infested, thick plants 
ing and enriching the soil are suggested remedies. 

Root Maggot. — Some truck crops, such as cabbage, radish and 
onions, are injured by the maggot (Fig, 161), Other crops are 
injured by eel worms or nematodes which cause the rootr-knot 

I 



Fio. Ifll. — I&imioui work at nuMot on redith. (Geneva Stitioa, N. Y.) 

disease, as on cabbage and tomato (F^, '162), The growing of 
other crops has been found the most effective remedy. 

The apfds (a'fis) is a common insect which injures crops. 
There are many species, many of which feed on the juices of plant 
roots.' The com root-aphis, or rootrlouse, is perhaps the best 
known. Ants are largely responsible for aphis injury to roots, 
since they carry the e^s of these insects into the soil and care for 
them in their nests. When the eggs hatch the ants tunnel into 
the ground and place the helpless aphids first on the roots of cer- 
tain weeds, such as smart weed, then on the com roots (Fig. 163). 
Aphids are often called "ant cows." Since the com root-aphis 

' Cotton and asfra arc also coimnoaly injured by the corn root-aphis. 
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usually attacks corn that is grown continuously on the same land, 
crop rotation is an effective means of control. Another complete 
and effective means of controllii^ the com root-aphis is thorough 
stirrit^ of the soil previous to planting, to disturb the ant colonies 
and scatter and kill the aphids. 



Fio. 102.— Roota ot tomato plant affected with poot-knot. (Floridft Station.) 

Crop Diseases May Cause Failure. — A great many diseases 
attack plants. Many of them are caused by fungi and bacterid 
which live in the soil ; among which may be mentioned potato scab, 
pea blight,' wilt, root rot, cabbage yellows, brown rot in tomatoes, 
black-1^ in cabbage and cauliflower, and club root (Fig. 164), soft 
rot and black rot, as in cabbage. Rotation of crops and avoiding 

■ Pea blight fungus Btaye in the soil so long bb diseased tissue of the pea 
plant remains in the eoil. Potato scab on the potato may be treated, but 
when soils become infested with the ecab fui^us other crops should be grown. 
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dieease infested fields are remedies si^gested to control these 
diseases or to avoid injury from them. Sometimes plants may be 
developed that are resistant to certain diseases. Cabbage resistant 
to yellows is a good illustration (F^, 165). 

Too Much Water Is Hannful. — On lowlands the harmful 
effect of too much water is commonly observed, but the lack of 
proper drainage on some upland fields having good surface drain- 
age is very often least suspected. Frequently certain fields or 
portions of them are found to grow good crops of hay and grain 



t-sphis. Upper right, the corn 

but fail in growing com, in spite of the fact that manure and 
fertilizers may have been added. In almost every case the cause 
of the poor com is due to seepage water from h^er land, which 
keeps the subsoil too wet and cold to favor the growth of com. 
Tile drainage is the remedy (Fig. 166). 

Alkali Is Injurious,^ — In regions of deficient rainfall, alkali 
in soils often proves injurious, and in some sections in humid 
climates, alkali spots occur. Frequently the irngation of land in 
irrigated sections causes the accumulation of salts near the surface 
(being brought up from the subsoil through capillary rise of applied 
moisture) in sufficient amounts to cause the most fertile lands to 



sdbyGoOgk 



ALKALI IS INJURIOira 251 

become unproduc- 
tive. Other lands in 
the arid and semi- 
arid sections are so 
saturated with alkali 
salts naturally that 
they are barren, and 
are not fit lands for 
in^tion. The pei^ 
manent remedy con- 
asts in removing the 
injurious salts by 
means of tile drains, 
scraping it off, and by 
flooding. The grow- 
ing of alkaU-resisting 
crops, such as salt 
grass, has been sug- 
gested as a means 
of avoiding injury. 
Sweet clover grows 
well when alkali is 
quite abundant. As 
a general rule, deep 
rooted plants can 
tolerate alkali soils 
better than those 
that are shallow 
rooted. Land-plaster 
is sometimes used 
to neutralize black 
alkali, the most 
harmful of the alkali 
salts (sodium car- 
bonate). Retarding 
evaporation by 
mulch ii^ and shad" 
ing, and deep plow- 
ing may retard the 
accumulation of salte 

. , V J Fio. 184. — Club-root of cabbmn, ahgwing twollea sud dls- 

at tne BUriace. torted roots and uudevelopedEewt. (VermoDt BtatioD.) 
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THE TOXIN THEORY OP INFERTILITY 261 

The Toxiii Hieory of Infertili^.^ — A few investigators are 
supporting the theory that infertility of many soils is due lately 
to ^e presence of certain poisons or toxins which probably owe 
their origin to plant-root excretions and to decomposition of aoi| 
organic matter. The supporters of this theory nmintain that the 
beneficial effect of fertilizers on poor soils is due to the power of 
the fertilizers to neutralize or counteract the effect of these toxins, 
rather than to the available plant>-food elements added. 



Fio, 1S7. — DiseiBed wlieat on whsat-sick soiJs. I>ead roots and blighted leaves. Soil 
40 yeuB in wbest. (North Dakota Station.) 

They have presented data endeavoring to show that increasing 
the amount of available plant-food elements through the use of 
fertiUzera has practically nothing to do with the maintenance of 
soil fertility. This theory, however, has been accepted by only a 
few, since other investigators have shown definitely that soils 
which produce lai^e yields contain more available plant-food 
material than do soils that produce low yields. Furthermore, 
numerous field testa have demonstrated that crops on poor land 
are directly benefited by fertilizers and lime. 

Nevertheless, it is conceded that some toxins do form in soils 

i of the Bureau ot Soils, 
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and which may prove injurious to certain crope and fruit trees 
if allowed to accumulate. Recent investigations seem to show 
that most soils are so constituted that through good drainage, 
proper tillage and the presence of sufficient lime the injurious 
action of these toxins may be entirely or in a lai^ 
measure prevented. 

Other Harmful Agents. — Among other harmful agents that 
have been named in certain instances to explain low yields or fail- 
ures are: (a) An excessive amount of aluminum and iron in soils 
renders some of the plant-food elements unavailable. The (effect 
of soluble phosphates on certain red, tropical soils b of short dura- 
tion because of the presence of excessive amounts of iron and 
aluminum; (ft) too much magnesium in proportion to calcium 
may disturb the normal function of plant cells; (c) too much lime 
in some soils may prove harmful to some crops, as grape-fruit, 
pine^ple and certain lupines; (d) certain mineral acids may make 
soib sour; (e) it is advocated by some that certain soil micro- 
organisms accumulate to such an extent that they greatly retard 
the activity of the helpful soil oi^anisms. 

Collect BpecimMis ehowii^ the work of insecte which attack roote of crops in 
any way. Specimens of these insects may be collected and preserved according 
to directions given in many good insect books. 

Diseased root specimens of field crops may be brought to class and kept 
for study., 

ProjKts in growing crops in spit« of insects and diseases should be con- 
ducted, using the most approved methods in each case. 

QOESnONS 

1. What n^iatiTefaxrffiT should be considered in diagnosing a case of infertilityT 

2. What may some of these agents be? 

3. Discuss infertility duo to worms which feed on plant-roots. 

4. Name methods of control. 

5. What is the com root-louse? 

6. Name some plant diseases caused by certain fungi and bacteria that live 

7. How may a farmer avoid crop failure due to these diseases? 

8. Explain bow too much water within soils may prove a harmful agrait. 

9. Suggest a remedy. 

10. Illustrate by diagram. 

11. Discuss the relation of alkali to soil fertility. 

12. Wliat is the toxin theory o( the infertility of many soils? 

13. What are toxins? 

14. According to this theory, what is the action of fertilizers? 
16. Do any poisonous substances form in soils? How? 

16. What do recent investigations seem to show as regards these toxins? 

17. What harmful agents in soils do you know from your o 

or observation? 
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CHAPTER XV 
CROP ROTATION AITO ITS RELATION TO SOIL FERTILITY 

Crop Rotation Defined.— Crop rotation is a Bystem of growing 
different kinds of crops in recurrii^ succeasion on the same land. 
For example, on a certain field a farmer grows clover one year, 
com the second, oata the third, clover the foiuih, com the fifth, 
oats the sixth, etc. This is a three-year rotation, since each crop 
recurs every third year. Another farmer may grow these same 
crops in a rotation as follows: clover followed by corn, then another 
crop of com, which in turn is followed by grain seeded to clover. 
This is a four-year rotation since it requires four years for tiie 
complete succeasion of these crops to recur. 

Some systems of cropping are designated as fixed rotations, and 
others as definiie rotations. 

A fixed rotation is a system of cropping in which the different 
crops recur at r^^ular intMvals, and which occupies a fixed number 
of years. Clover followed by potatoes, then rye seeded to clovw, 
is a good example of a fixed three-year rotation practiced by some 
potato growers on sandy soils. Some fixed rotations may occupy 
four years, others five and six years or more. 

A definite rotati<m may be defined as a system of cropping in 
which the different crops continually recur in a definite order, 
but is not fixed as to the number of years it occupies. Many 
farmers, for example, grow alfalfa, com and grain on the same land 
in the order named, m anything from a five-year to a ten-year 
rotation — alfalfa three to six years, com one to two years, and 
grain one to two years. Another common, definite rotation is, 
hay (clover) followed by [>asture, then com, then grain seeded to 
clover and grass. In such a rotation the land may be pastured one 
to three years. 

Very often in a rotation some one crop is grown two or more 
years in suct^asion; as, tobacco (three years), followed by wheat 
(one year), clover (one year), tobacco (three years), etc. 

Neariy all fanners practice crop rotation in some form or other. 
Comparatively few adhere to fixed rotations, since they prefer 
to follow a cropping system that is more or less flexible so that a 
shift can be made when prices or seasonal variations should make 
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necessary a change in the cropping plan. Moreover, varying soil 
conditions and the desire of the farmer to meet feeding require- 
ments often prevent the establishment of a fixed rotation for the 
entire farm. 

One-crop System. — In contrast to crop rotation is the 
one-crop system in which one kind of crop is grown year after year 
on the same land. This is often called "continuous cropping." 
There are many examples of this in the com belt, wheat belt, cotton 
belt, etc. 

Why Crops Are Rotated. — Crop rotation has largely been the 
outgrowth of farming e^tperience. It« beneficial effects have long 
been known, though the reasons were not imderstood. Even 
today some of the effects of crop rotation are not clearly undei^ 
stood. The primary object of rotation is to increase crop pro- 
duction and to help maintain productive farmii^, TTiis is the 
cumulative effect of several specific benefits derived through this 
practice, which are: (a) It helps to eliminat* injury due to certain 
.insect pesta; Q>) it aids greatly in avoiding injury from certain 
diseases; (c) it favors the accumulation of soil organic matter; 
(d) tilth may be improved; (e) it favors the conservation of 
fertihzing elements; (/) it aids in solving certain limii^ and 
fertilizing problems; {g) weeds are better controlled. 

Rotation Controls Certain Bisects and Plant Diseases. — 
Many truck growers, particularly, much prefer to grow certain 
crops continuously on the same land, because when the soil is 
fitted to meet the requirements of a special crop it is easier to 
succeed with it. This explains the tendency to grow crops like 
cabbage, sugar beets, onions, and in some localities, potatoes, 
. on the same land several years in succession. Though it is conven- 
ient at times to practice a one-crop system with certain crops, 
yet general experience teaches that it is a wiser plan to practice 
rotation, since many records show that certain pests and plant 
diseases finally compel the farmer to rotate. Some crops are 
especially attacked by certain soil-dwelling insects or are pecu- 
liarly susceptible to certain diseases which may infest the sdl. 
The continuous growing of one crop favors the development of 
some such insect or disease until finally the crop is unable to resist 
its attacks. The growing of other crops not affected by the 
particular insect or disease must necessarily result in the soil 
becoming rid of the insect or disease, because these other crops do 
not favor its development nor its continuance in the soil. 
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Some potato growers have experienced the destructive effect 
of potato scab on fields growing potatoes continuously (Fig. 168). 
This disease can be prevented through seed disinfection; but 
when the soil is allowed to become infested by planting untreated, 
scabby potatoes, no remedy is so effective as crop rotation in 
eliminating the disease. The unfortunate experience of the pioneer 
farmer in growing wheat continuously on the same land might 
well be remembered as a warning against the one-crop system. 

Proper Rotation Increases Organic Matter.— It is a striking 
fact that the growing of intertilled crops greatly hastens the 
destruction, and hence the loss, of the soil organic matter. It is 
not wise, therefore, especially on soils low in organic matter, to 



levfl1op«d in lix yauL Na fd&b on potA- 

practice a rotation consisting of all intertilled crope, without the 
introduction of clover, other legumes, and green-manuring crops to 
maintain the supply of this very necessary soil constituent. A 
rotation including clover or pasture, and in which manure and 
green-manuring, or catch and cover crops are systematically used, 
increaaes the soil supply of organic matter. TbB introduction of 
non-cultivated crops such as grain, hay and pasture, lessens its 
destruction, and the use of manure, the development of good sod 
(Fi^. 169), and the plowing under of green crops are ways to add 
it to the soil. A carefully planned crop rotation is the most con- 
venient method whereby something definite may be done to main- 
tain the soil organic matter. It is entirely possible for practically 
every farmer to plan a rotation or rotations which will enable him 
to accomplish this. 
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Proper Rotation Improves Tilth. — The rapid depletion of the 
soil organic matter resulting from the growing of crops without 
clover and without the use of manure and green-manuring crops 
has a destructive effect on good tilth, Sandy soils become much 
looser; and the heavier soils lose their crummy structure, becoming 
more compact, and easily puddled when worked in a wet condition. 
A rotation wluch maintains and builds up the supply of organic 



i but unlertilind. 

matter in the soil also improves the workability of soils and 
maintiuns good tilth. The growing of grass, pasture arid deep- 
rooted legumes on heavy soils greatly aids in improvir^ their tilth. 
On a portion of a field {silt loam) at the University of Illinois, 
com was grown continuously for forty years; while on another 
portion, durir^ the same period, a three-year rotation was prac- 
ticed, consisting of com, oats and clover. The soil on the first 
portion has become compact, it "runs together" badly, and heavy 



3d by Google 



ROTATION AIDS IN FERTILIZATION AND UMING 267 

naas wash it considerably and pack it, forming a smooth, hard sur- 
face. The other portion, on which were grown clover, com and oats 
in rotation, is mellow, has a crummy structure, and heavy rains do 
not affect it as they do the soil on the first portion. The difference 
in these two plots is largely the result of the growing of clover. 

Conserving Fertilizing Elements Through Rotation. — Not all 
crops require the same amount of the different plant-food elements. 
Some are gross feeders, and others make heavy drafts upon one or 
two elements' (see Table of Crop Constituents, Chapter VI). Cab- 
bage and spinach, for example, quickly exhaust the soil of nitrt^n. 
In a rotation it can be arranged that one crop requiring a large quan- 
tity of one element, or all of them, does not follow another of a 
like characteristic. Through rotation, therefore, the draft upon the 
soil reserve of nitrogen, phosphorus, and potassium may be equal- 
ized so that the productive power of soils may be prolonged. 

The growing of such crops as tobacco and cabbage and all 
shiUlow-rooted crops without rotation causes heavy losses of plant- 
food elements through leaching. These crops require rich soils, and 
hence heavy fertilization becomes neccisary. The soil is supplied 
with much more available material than the crops can use, and 
hence conditions are favorable for heavy losses through leaching. 

In Wisconsin, a study was made of the phosphorus losses on 
sixteen tobacco fields. These fields were cropped, on an average, 
forty-six years — ^thirty of which were tobacco. During this time 
they received an average of thirty applications of manure at the 
rate of eighteen loads, or about twenty-seven tons, to the acre. 
These investigations showed that during the forty-six-year crop- 
pii^ period, this system of fanning caused the loss (above that 
removed by the crops) of an amount of phosphorus per acre from 
the surface soil eight inches deep, sufficient to supply the phos- 
phorus needs of at least seventy 75-bu8hel com crops-. 

When deep-rooted crops such as com, alfalfa, clover Etnd vetch 
are grown in rotation with shallow-rooted plants, much of the 
fertilizing elements which leach down into the lower strata is 
utilized. Moreover, deep-rooted plants brii^ up considerable 
plant-food material that is, in turn, used by other crops. This is 
especially true when soils are more or less "open" in character. 

Rotation Aids in Fertilization and Liming. — Rotation offers 
an opportunity to get the greatest returns from manure and com- 
mercial fertilizers by applying them to the crops which can make 
the best use of them. Much coarse, fresh manure or litter gives 
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beet results when it is plowed under in the fall for com. Under 
certain conditions the application of manure to the clover fields 
gives best results. 

Some beUeve that liming tobacco lands results in lowering the 
quality of the leaf. Results do not seem to support this view, 
however. Furthermore, experimente have shown that tobacco 
responds readily to liming when grown on acid soils. When tobacco 
is grown on acid soil in a rotation containii^ clover, the lime need 
not be applied directly to the tobacco crop, but for the clover 
instead. In this way any possible injury caused by the direct 
effect of lime on tobacco may be entirely prevented. In case of 
potatoes, the lime may be applied in the rotation immediately 
following the potato crop. Other similar problems concerning 
liming and the use of fertilizers may be solved through rotation. 

Rotation Controls Weeds. — It has been demonstrated as well 
as commonly observed that fields on which small grains are grown 
continuously become very weedy, and crops diminish in yield and 
even fail oa a result. This is because most weeds go to seed in the 
time required for the graJn to mature. The growing of intertilled 
crops is a most effective way to kill weeds, especially those such as 
quack grass and Canada thistle. The growing of good clover and 
alfalfa, or any other leafy forage crop, is another effective way to 
kill the common weeds and keep them under control. A rotation 
containing at least a cultivated crop and one good clover crop 
gives the farmer at least two good chances in his system of cropping 
to fight the weeds. 

Rotation Helps to Maintain and Increase Fertili^. — ^In the 
foregoing discussion it is plain that a proper rotation of crops 
affects favorably, either directly or indirectly, practically all the 
factors which determine soil fertility. When these factors are 
thus affected, soils necessarily produce better crops. In this 
manner, therefore, rotation aids in maintaining and increaong 
fertility— that is to say, crop rotation helps to maintain and in- 
crease the productive power of soils. The productive power of a 
soil is reduced more rapidly when a crop is grown on it continu- 
ously than when a rotation is practiced. Among the many rota^ 
tion experiments that may be cited to prove this, those in progress 
at the University of Illinois may be selected as typical. The fol- 
lowing results are available from the oldest rotation experiments 
in America. These plots are located on brown silt loam, the typical 
prairie land of the cOm belt. (Illinois Station circular No. 193,) 
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Cnrp Rotalion HAps to MaaUain ProducHve Power iff SoUa 
(No KHl improvemeut tnatnunt of uy kind made) 
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The yield of com at the beginning of the experiment was seventy 
bushels. After thirty-six years of continuous com culture th^ 
yield was reduced nearly 59 per cent; and only 17.7 per cent 
reduction occurred when com was grown in rotation with clover 
and oats. The first twelve years of continuous com growing 
reduced the yield to thirty-five bushels, after which the decrease 
amounted to only eight bushels in sixteen years. It is thought 
that the rapid reduction in yield durii^ the first twelve years 
was due, in a lai^e measure, to the destruction, and hence depl&- 
tion, of the soil oi^anic matter. 

The fact that the average annual crop value per acre for the 
ten-year period, 1906-1915, was 36.7 per cent greater when clover, 
com and oats were grown in rotation than when no rotation was 
practiced is further proof of the advanta^ of a rotation in main- 
taining a higher productive power. The higher average crop value 
for the clover-com-oat rotation over the corn-oat cropping plan 
was due largely to the increased yield of com produced by growing 
clover in the rotation, and not to the value of the clover aa a 
money crop. 

Many fanners have experienced more profitable crops when 
they substituted a rotation for a one-crop system, or when a good 
rotation coupled with a, definite plan of fertilizing is put into 
practice on a depleted soil. This latter point has been definitely 
demonstrated in an experiment started in 1894, at the Ohio 
Station, on silt loam soil which had been previously rented for 
twenty-five years, and hence badly depleted (Bulletin 282). 
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It is interesting to note that the yield of corn decreased thirty 
per cent m twenty yeans when grown continuously, even thou^ 
manure was applied at the rate of twenty-five tons for each five- 
year period. In the rotation, on the other hand, the yield increased 
thirty-fieven per cent during the same period, manure beii^ applied 
at the rate of only sixteen tons for each five-year period. Similar 
results were secured in the use of commercial fertilizers. 

The above results also show that rotation without fertilization 
does not permit so rapid a reduction in the yield of com as con- 
tinuous cropping. Moreover, rotation gives greater returns from 
manure and commercial fertilizers than a one-crop system. 

In the same series of experiments it is mteresting to note how 
rotation increased the yield of winter wheat. 
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Crop Rotation Increased the Yield of WinleT TFAeot.* 
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Uoder the conditions of this experiment, rotation of crops is 
much more favorable to the -growing of winter wheat than continu- 
ous cropping when yield and economy of production are considered. 

Rotation Can Not Take the Place of Fertilizers.— Though 
a proper rotation is a most important farm practice to aid in main- 
taining and increasing soil fertility, yet it cannot take the place 
of manure and commercial fertilizers. Whenever crop rotation 
without fertihzation increases the productivity of a soil, it is onfy 
temporaiy; because when the yields are thus increased, the draft 
upon the plant-food elements becomes greater, and this tends 
towards more rapid soil depletion. It becomes more m^ent, 
therefore, to practice rational fertilization in order to secure the 
best results frc«n rotations. The results in the tables, pages 270 
and 271 emphasize this fact. 

Rotation Only One of Several Factors in Maintaining Fertili^. 
— It is well to keep in mind the several factors involved in main- 
taining soil fertility, which are: (a) Thorough drainage; (6) proper 
till^e; (c) crop rotation; (d) liming; (e) a rational use of manure 
and commercial fertilizers, and (/) green manuring. 

A SinQ)le Change of Crops Not Alwasrs Beneficial. — Farmers 
have observed, and soil investigators have demonstrated, that a 
simple change of crops may not always prove beneficial. In some 
Bections farmers experience unsatisfactory com crops when grown 
after sugar beets. The North Dakota Station has found that on 
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the typical scul of the Red River Valley, ^rmg wheat yields beet 
when preceded by com, potatoes, mangels, peas and clover; and 
when preceded by oats, barley, spring rye and flax, the yield was 
practically the same as when wheat was grown continuously. 

Winter wheat does well after early potatoes, clover, alfalfa, 
soybeans and pasture. Onions do best after onions, except when 
certain insects or diseases become injurious. Ckim usually suc- 
ceeds best after clover, alfalfa and pasture. Oats on rich lands 
stand up better and yield best when th^ are grown after such 
crops as com, wheat, barley and cotton. These are but a few illus- 
trations to emphafdze the importance of considering carefully the • 
best combination of crops for rotation, and the place each crop 
should occupy in the rotation for best results. 

Factors Deteimining a Good Rotation. — ^It follows that there 
are two factors which determine a good rotation, viz., a proper 
combination of crops, and the order in which these crops should 
be grown. 

Proper Combination of Crops. — In general, the' benefits of 
rotation can best be attained when the cropping system includes 
(a) a cultivated crop, (6) a grain crop, and (c) grass, clover or ataoB 
other legume. 

The growing of a cultivated crop uds in weed control, and 
in many instances improves the physical condition of the soil 
and pr^ares the land for the crop following. Com, for example, 
is often grown two years in succession on blue-grass sod to eradicate 
the blue-grasB in preparii^ the land for alfalfa. A cultivated crop 
also prepares the ground for grain. 

The growing of small grain in the rotation greatly facihtates 
the seeding of grass, clover, etc., without losing the use of the land 
during the time required for the grass or clover seeding to become 
established for use as hay or pasture. In addition to their value 
as grain crops, faU-«own grains may serve as catch and cover crops, 
and frequently as winter pasture crops, of particular value in 
the South. 

No rotation can give best results without a legume. Experi- 
ments show that crops can be produced most economically only 
when clover or some other legume is grown in rotation with them. 
In a twenty-year test at the Ohio Station, it was found that the 
average cost of the commercial fertilizers per bushel increase in 
yield was forty cents for com, sbcty-sbc cents for oats, and oxty- 
nine cents for wheat, when these crops were grown continuously 
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and without clover,* When diese same crops were rotated with 
each other and with clover, the cost of the fertilizer averaged only- 
four to five cents per bushel of increase. 

Proper Order of Cropping. — Much depends upon the order in 
wtiich crops are grown. Usually cultivated or intertilled crops are 
followed by small grains, which in turn, are followed by hay or 
pasture. Sod is commonly planted to some cultivated crop. 

Aside from this order, it is important to know what cultivated 
crop is best to follow a certain other cultivated crop; or when two 
grain crops u« grown in succession, which one should follow thie 
other for best results. The growing of deep rooted plants after 
shallow feeders has already been suggested as an important con- 
sideration. In Central Kansas the growing of alfalfa {where it can 
be grown) leaves the ground so dry that it is usually not wise to 
grow com after alfalfa, but rather an early maturing variety of 
soighum instead. On rich bottom lands in this section, where 
the moisture supply is usually good, com may follow the ^ring 
cutting of alfalfa. Other facts concerning the proper sequences 
of crops have been mentioned m a preceding paragraph, page 267. 

Crop Rotation and Soil Inqirovement — Crop rotation alone, 
even when clover is included, will not maintain yields, perma- 
nently. After awhile the clover fails, and as a result farming fails. 
Whenever a croppii^ system is planned to maintain or increase 
crop production it is essential that a definite soil-enriching plan 
be estabhshed at the same time. In some cases, clover and green- 
manuring crops are of the greatest immediate' importance to 
increase and maintain the nitrogen supply and the organic matter. 
This seems to be true in the greater portion of the Great Plains 
area. Most soils, however, respond best and are improved the 
quickest when a carefully planned cropping system is established 
which embraces some definite plan involving the use of lime, 
manure, legumes and special fertilizers. These soil-improvement 
materials make possible successful crop rotation, and rotation, in 
turn, makes possible the most profitable returns from the use cd 
fime, manure and fertilizers. 

It is recc^nized that a short rotation is usually the most 
effective in soil improvement, largely because of the growing of 
more clover and the more frequent application of manure and 
fertilizers. The advantage of a short rotation m soil improvement 
is illustrated in the next table. These results were secured at the 
' The Monthly BuUetin, Ohio Station, June, 1918. 
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Ohio station (Bulletin 282). The experiments are being conducted 
on silt loam Boils which were depleted when the tests were b^un. 

A S-year Rotation Better than a S-year Rotation in Soft Improeemerd 

(As iixdicatod by the yield oi corn) 
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It is to be noted that the aven^ yield of the 3-year rotar 
tion without any soil treatment is 21.3 per cent greater than that 
of the 5-year rotation without manure. With manure, the 3-year 
rotation produced an average yield 16.2 per cent greater than 
that of the 5-year rotation. Tiiis is significant, since both are 
considered good rotations. 

It is interesting to note that the average yield for the 3-year 
rotation without manure is almost as good as that of continuous 
cropping wherein five- tons of manure are used annually. 

SOME PRACTICAL BOTATIONS 

Because of the great variety of crops, soil condition, climate, 
and of the varied combinations of crops in different systems d 
farming, many different kinds of rotations are practiced, some of 
which are recognized aa standard. A few of these rotations are 
given here to show how important crops of the different sections 
of the country may be grown with best success. .Most of these 
rotations include the use of manure and commercial fertilizers. 

Rotations to Increase Organic Matter. — In beginnii^ the 
improvement of most depleted soils it is best to practice a rotation 
that will increase the soil organic matter. In the Northern states 
a 3-year rotation of com, grun and clover is common. Farther 
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south, as in the Central Atlantic States of the Coastal Plain section, 
the following rotation is considered a good one for soil improvement : 

1. Cowpeas (plowed under), followed by rye {plowed under 
about May 1). 

2. Cowpeas (cut for hay), followed by crimson clover (sown in 
the fall and plowed under about May 1), 

3. Com followed by crimson clover (sown at last cultivation 
and plowed under for other crops). 

Rotations for Uie North Central States. — This group of states 
comprises Ohio, Indiana, Mich^an, Wisconsin, Minnesota, Iowa, 
Missouri, Illinois, North Dakota, South Dakota, Nebraska 
and Kansas. 

The important crops, named iQ the order of their importance 
on the basis of acreage are: Com, oats, hay, winter wheat, spring 
wheat, barley, rye, flax, potatoes, peas, and tobacco. 



Fia. 170. — Ths slfslU ttmnga. Fia. 171. — Timothy sndolovarmiied. 

The important legumes and their adaptation are: 

Medium red clover — for general use for hay and pasture. 
Grows best on soils well supplied with lime. 

Alsike clover — adapted for low lands and for acid soils. 

Mammoth clover — best for sandy soils and for green-manuring. 
Grows best on non-acid soils. 

Alfalfa — grows best on well-drained rich uplands, well supplied 
with carbonate of hme (Fig. 170). 

Soybeans — grow well on soils of slight to medium acidity, 

Cowpeas — for southern portion of this section — grow well on 
acid soils. 

A fev} aymvwn rotations are given, each being lettered. The 
crops in the rotation are numbered. 

A — 1. Com. 2. Oats, wheat or barley (seeded). 3. Clover, 
Some other cultivated crop may take the place of com. Clover 
is commonly mixed with timothy (Fig. 171) and other grasses 
to produce hay or pasture for the fourtii year. 
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B — 1. Com (in which some green-manuring crop may be sown). 

2. Oats (if prairie soil, oats disked in on com land; seeded). 3. 
Clover — plowed in fall and sown to winter wheat. 4. Winter 
wheat (Fig. 172) (seeded with mammoth clover to plow under, 
or if soil haa "tight" or heavy clay subsoil, sweet clover is better). 

— 1. Corn for grain or sil^e. 2. Soybeans for hay or seed. 
(If soil needs organic matter this crop may be plowed under.) 3. 
Oats (Fig. 173) or barley (seeded to clover), 4. Clover. 5. Winter 
wheat (seeded to mammoth clover for green-manuring) . 

This rotation (C) is especially well adapted for loams 
and sandy loams. 

D — 1. Com. 2. Oats (seeded to mammoth clover to plow 
under) , winter wheat sown in the fall or sprii^ wheat in the spring. 

3. Wheat (seeded to clover or clover and mixed grasses), 4. Clover 
(often followed by pasture the fifth year). 



Fia. 173. — WiDter wheat umsce. Fio. 173.— Spriii< oats >creM«. 

This rotation (D) proves very successful when soybeans, 
instead of oats, are grown the second year, as: 1. Corn . 2. Soy- 
beans. 3. Wheat (seeded to clover). 4. Clover. 

E— 1. Com. 2. Flax. 3. Wheat. 4. Clover, 5. Pasture. 

F— 1. Alfalfa (five to eight years). 2. Potatoes. 3. Flax. 
4. Cora. 5. Wheat. 

G— 1. Alfalfa (three to four years). 2. Cora. 3. Grain. 
4, Clover. 

H — ^1. Clover. 2. Potatoes or com. 3. Rye (seeded to mam- 
moth clover). 

I — 1. Rye (seeded to mammoth clover). 2. Clover. 3. Com 
(rye in corn for green-manuring). 4. Soybeans (rye sown in fall). 

Rotations (H) and (I) are especially good in sand management. 

J — 1. Barley (seeded to clover). 2. Field peas, 3. Winter 
wheat, 4. Clover. 5. Corn. 

K— 1. Tobacco (Fig. 174). 2. Tobacco. 3. Winter wheat 
or barley. 4. Clover, Com may be grown the second year, or 
follow the second tobacco crop. 
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L — ^In the spring-wheat section (Fig. 175), the foUowii^ rota- 
tion has been recommended: 1. Spring wheat (three years). 2. 
Clover (one year). 3, Corn (one year). 



Fio. 174. — Tobaooo scrsHgo. Fio. 175.— WTiaresprinBwhestgtowsbwt. 

Rotations for Dry-Land Farming. — (Great Plains area): 

Important Crops. — Winter wheat, spring wheat, oats, corn, 
barley, hay, rye, kafir com (Fig. 176), broom corn, sorghum 
and potatoes. 

Important Legumes. — ^Alfalfa, red 
clover,soybeana, vetch, peasand cowpeaa. 

Rolaiions. — Little information exists 
on crop rotation for dry-land farming, 
since only recently has this subject been 
given any attention in the West. The L 
following are some of the best rotations fiq. i76.— K»fir >nd miio «cre- 
at present: *^ 

A— 1. Com. 2. Winter or spring wheat. 3. Oats. 

B— 1. Barley. 2. Oats. 3. Com. 

C — 1. Summer fallow. 2. Winter wheat. 3. Oata. 

D— I.Cora. 2. Com. 3. Oats or wheat. 4. Wheat. 5. Clover. 

In sections where medium red clover and com cannot be grown, 
cowpeas may be substituted for the clover in rotation (D), and 
kafir corn for the com. 

E — 1. Alfalfa (six to eight years). 2. Com (one year). 3. 
Oats, barley or winter wheat (one year). 4. Winter wheat (three 
years). 5. Kafir corn or sorghum. If alfalfa leaves the ground 
very dry, an early variety of soi^hum is best to follow the 
alfalfa. For sections in which the rainfall is especially scant 
the rotation should include summer fallow at least every third or 
fourth year. 

Rotations in the Kortii Atlantic States. — This group of states 
includes Maine, New Hampshire, Vermont, Massachusetts, Rhode 
Island, Connecticut, New York, New Jersey and Pennsylvania, 
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ImportarU Crops. — Hay, oats, com, winter wheat (Fig, 172), 
potatoes (Fig. 177), buckwheat, rye, peas, barley, and tobacco. 

Important Legumss.— Red clover, alsike clover, mammotli 
clover, white clover, alfalfa, and peas (Fig. 178). 

Typical Rotaiians. — A — 1. Clover or pasture. 2. Com. 3. 
Oatsandpeas. 4. Rye (seeded). 

B — 1, Com for grain. 2. Com for silage. 3, Oats and peas 
(seeded down to clover and timothy after harvest), 4, Hay. 

In rotation (B) the oats and peas mixture may be omitted, and 
the clover and timothy is then seeded in the com the second year 
at the last cultivation. Rye instead of oats and peaa is often grown 
the third year in such a rotation as this. 

C — 1. Com. 2. Potatoes (autumn rye). 3. Rye (seeded to 
clover), 4. Clover or pasture. 




Fio. 177. — Lata potato acreaie. Pio. 178. — Aonage of 



D — 1. Potatoes (rye sown in autumn). 2. Rye (seeded to 
mammoth clover for green-manuring). 

This two-year rotation (D) is common in sections where 
potato raising b the maJn business. 

E — 1. Com (rye as cover crop). 2, Tobacco. 3. Wheat or 
oata (seeded to clover and timothy). 4, Hay. 

F — 1. Tobacco (Fig. 174). 2. Oata (seeded to clover to plow 
under). 3. Winter wheat (seeded). 4. Clover. 

Rotations in Soudi Atlantic States. — Delaware, Maryland, 
District of Columbia, Vii^nia, West Virginia, North Carolina, 
South Carolina, Georgia and Florida are included in this group. 

Important Crops. — Northern portion: Corn, winter wheat, 
hay, oats, tobacco, potatoes, rye, buckwheat and cotton. 

Southern portion: Cotton, com, oats, winter wheat, hay, 
tobacco, sweet potatoes, potatoes, rye and rice. 

Important Legumes.-— Cowpeaa, crimson clover, soybeans, 
vetches, red clover, velvet beans, alfalfa, and alsike clover. 

Some Practical Rotations. — ^A — 1. Com (crimson clover sown 



3d by Google 



ROTATIONS IN THE SOUTH CENTRAL STATES 279 

in com in late summer). 2. Clover {volunteer crop plowed under 
in autumn). 3. Winter wheat (seeded to clover and timothy). 
4. Hay. 

B— 1. Cora (winter wheat sown in the fall), 2. Winter wheat 
(cowpeas for green-manurii^). 3, Winter wheat (clover). 4. 
Hay or pasture. 

C — 1. Tobacco, 2. Winter wheat (clover). 3. Clover. 4. 
Cora with cowpeas. 

D — 1. Com with cowpeas (winter oats). 2. Oats (clover). 
3, Clover. 4. Potatoes (a green-manuring crop sown), 

E — 1. Cotton (vetch for winter cover crop or cowpeas). 2, 
Com with cowpeas between rows. 3. Peanuts. 

For the third year in this rotation (E) oats and vetch may be 
grown for a winter crop and cowpeas for the summer crop. 



Fia. 179. — Tha Bauth is for sotton. Fia. 180.— When eata ia grown. 

F — 1. Cotton. 2. Oats and vetch; cowpeas. 3. Cotton; 
vetch for winter cover crop. 4. Corn, with cowpeas between rows. 

Rotations in the Soutii Central States. — This group of states 
includes Kentucky, Tennessee, Alabama, Mississippi, Louisiana, 
Texas, Oklahoma and Arkansas. 

Importavt Crops. — These are named in the order of their impor- 
tance on the basis of acreage: Cotton (Fig. 179), corn, oats, winter 
wheat, hay, rice, tobacco (Fig. 174), sweet potatoes, sugar cane, 
rye and barley. 

ImportaTU Legumes. — ^Japan clover (lespedeza), cowpeas, velvet 
bean, crimson clover, vetches, soybeans, medium red clover, 
alfalfa, and alsike clover. 

Rotations. — A — 1. Corn (Fig. 180) (cowpeas sown at last 
cultivation aod plowed under). 2. Oats or rye (stubble plowed in 
summer, followed by cowpeas for feed) . 3^ Cotton (cowpeas, vetch 
or crimson clover sown between rows). 

B — 1. Cotton (cotton stalks plowed under early and winter 
wheat sown). 2. Wheat, followed by cowpeas or st^beans for 
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hay. 3. Com and velvet beana (beans and com stalks pastured 
and turned in early spring for cotton). 

C — 1. Com with cowpeas (crimson clover for cover crop). 
2. Soybeans or cowpeas (winter wheat sown in autumn). 3. 
Wheat (clover). 4. Clover. 

D — 1. Com with cowpeas, 2, Cotton (cowpeas or clover). 
Fr-l. Tobacco (rye for cover crop). 2. Cora. 3. Winter 
wheat (seeded). 4. Blue grass (two ytars). 

F — 1. Rice. 2. Rice. 3. Rice. 4. FaUow. 5. Com and cowpeas. 
G — 1. Sugar cane. 2. Sugar cane, 3. Sugar cane, 4. Corn 
(cowpeas for green-manuring). 

Rotation for the Pacific States. — Important Crops. — Hay, 
wheat, barley, oats, sugar beets, potatoes, com and rye. 

Legumes. — Vetches, clovers, alfalfa 
and peas. 

Some Common Rotations. — A — 1. 
Clover. 2. Pasture. 3. Corn for silage. 
4. Oats. 5. Wheat (seeded). 

B— l.Winterwheat. 2.0ats(vetch). 
3. Vetch for hay. 4, Wheat (vetch for 
Fib, 181.— wiiu* moet of (he cover and green-inanuriiut orop) . 

■U(u bMU are Brown. _ in 1 /I iL\ 

C — 1. Barley (clover or vetch). 
2. Peas (fall wheat). 3. Winter wheat (clover), 4, Kafir com. 

D— 1. Sugar beets (Fig, 181) (winter vetch), 2. Vetch crop 
plowed under, potatoes. 3. Barley (may be followed by alfalfa). 

Rotations for Truck Farming and Vegetable Growing. — Rota- 
tions for tmck farming and gardening have not been definitely 
determined. It is generally recognized that tmck crops and 
vegetables are grown most successfully in rotation with clover or 
some other legume, la general, root crops should follow non-root 
crops, and legumes should follow non-legumes. Crops such as 
cabbage and sugar beets are best grown in rotation with common 
field crops. Wheat-clover-melons, or wheat-clover-com-melons, 
are rotations well adapted for melons where wheat may be grown, 
Com-cowpeas-muskmelons (heavily manured) is a rotation recom- 
mended for muskmelons. Some Eastern tmck growers grow sweet 
com and cabbage, followed by grain, then clover. 

Id vegetable gardening particular attention should be ^ven 
to succession^ aod rotation of crops. Through succession of crops 

* Id gardening, succeaaion of crops means following one crop with aoother 
of the same aeason, while ratatioQ means changing the crop on a given piece 
in land from season to season. 
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the land may be utilized all the time. As soon as one v^etable 
matures or is used another one should be planted in the same space. 
For example: early peaa may be followed by celery; early cabbage 



Fio. 182.— Where buna mreETOwn. Fia. 183.— Tomsto screage. 

or potatoes by late beans or corn ; early beans may be followed by 
cabbage or lettuce etc Whenever it is not practicable to plant 
another vegetable the land should be planted to some greer- 
manunng crop 




Rotation of crops is as important in growing vegetables as 
in growing field crops and the same principles concemii^ rotation 
should be applied In general, legumes such as beans and peas 
should be followed by root crops like beets, carrots, etc. Crops 




of the mustard family {cabbage, turnips, radish, etc.) should not 
follow one another It is usually advisable to grow foliage crops 
like cabbage kale and spmach after root crops (potatoes, beets, 
parsnips carrots etc ) or after those grown for fruit (tomatoes, 
peppers melons etc ) (Figs. 182, 183, 184, 185, 186 and 187). 
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Local RotatioiiB. — ^Through members of the class make a aurvey of a, 
number of farms and determine just what rotations are practiced. Study 
each as to the problems of soil maintenance, weeds, insects, diseases, tillage, 

Rotation projectt may be started to solve one or Beveral of these problems. 
Select the problems of ecoDoiaic importance in the r^on, and oouduct auch 
rotation of^cropo as to help solve the most difficult problems. 

QUESnONS 

1. What is meant by crop rotation? Illustrate. 

2. Distinguish between "fixed" and "definite" rotations. Ulustrate. Which 

of these is the more common? Why? 

3. What is meant by "one crop system ? 

4. What is the prime object of crop rotation? How is this brought about? 
6. Ei^lain how crop rotation may control certain insects and plant diseases. 

Give illustrations. 

6. How may crop rotation affect the supply of soil organic matter? 

7. Tell how a good rotation affects tilth. Illustrate. 

8. Discuss rotation in relation to the conservation of fertilizing elements. 

9. In what way may rotation be advantaeeous in limin g and in fertihzation? 

10. In what way is rotation an aid in weed control? 

11. Discuss the effect of a, good rotation on soil fertility, (a) As a factor in 

maintaining fertility. (_b) Aa a factor in increasing fertihty. 

12. Can crop rotation in itself maintain fertility or take the place of fertil- 

izers? Explain. 

13. What are Uie faot«rs to be considered in maintainit^ soil fertihty? 

14. Are the beneficial effects of rotation due simply to a change of crops? 

15. Name and discuss the factors determining a good rotation. 

16. Tell of the importance of a good rotation in soil improvement. In this 

respect, what are the advantages of a short rotation? What important 
f ac^r should be considered in planning a rotation for soil improvement? 

17. Name in the order of their importance ue crops grown in your state, and 

give some practical rotations in which these crops may be grown. 

18. Name the states which lead in the growing of the following crops — com, 

cott«n, winter wheat, late potatoes, sprmg oats, spring wheat, sugar 
beets, tobacco, alfalfa and green peas, 

19. What are some of the points to bear in mind in planning rotations for 

truck farmit^ and v^table growing? 

20. For an outline summary of this chapter see table of contents. 
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CHAPTER XVI 
SOIL EROSION 

Soil Erosion a Serious Problem. — Soil erosioQ is commonly 
understood to mean tiie washing away of soil by water. On 
comparatively level areas this problem is not of much importance. 
In general, however, it has become most serious. Hundreds of 
thousands of acres of farm lands in the United States have rolling 
topt^aphy, and because of neglect in proper management, im- 
mense soil losses have occurred through hillside washing in every 
state of the Union and in almost every county of every state. It 
has been estimated that in the United States 4,000,000 acres of 
farm lands have already been ruined by soil erosion, and nearly 
twice as much more greatly damaged. This loss in terms of dollars 
amounts to millions annually. 

Injuries Resulting From Erosion. — Land ruin is the most 
serious effect of soil erosion. Other injuries are: Much of the soil 
reserve of plant-food elements is washed away; much damage 
is done to irrigation; water power is lost; it interferes with naviga- 
tion; and it interferes in farm management {Fig. 188). 

The loss of plant-food elements caused by erosion is due to the 
removal of organic matter and the fine soil particles. This is 
clearly shown in the following analyses of two soils collected on 
the same farm — one sample was collected from the hilltop and the 
other from the cropped flat, or "creek bottom," below. 





Orssnlc Matter 


Nitrogen 


percent. 




Low 
High 


0.12 
0.25 




Soil from creek bottom 


0.08 



These data show clearly that the soil removed by t 
the richest part of the land. This makes the erosion problem all 
the more serious. Indeed, it has been estimated that every year 
there is in the United States an unnecessary waste from soil erosion 
of more than 400,000,000 tons of soil material — an amount greater 
than that removed in di^ng the Panama Canal.' Much of this 

' United States Department of Agriculture Yearbook, 1916. 
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comes from good farming lands. This means a reduction of the 
productive power of the country. 

Effeds on Irrigation. — Soil erosion is one of the serious dangers 
that threaten irrigation, as follows: When the blanket of soil is 
removed from the mountain sides, there is removed that natural 
reservoir which protects the headwaters of the streams. Because 
of large amounts of soil brought down by the streams, artificial 
reservoirs are filled up. Furthermore, water carrying sediment 
decreases the efficiency and increases the cost of maintaim'ng 



Ftn. 1S8.— Soil mmaa daouien fertile fields. Wisoomin SUIioD,) 

diversion dams, pipe lines, flumes, and canals. When irrigation 
water carries very much mud it injures the crops to which it 
is apphed. 

Eifect on Water Poxv^. — Erosion causes a loss of water power 
in two ways — the blanket of soil is removed from mountain sides, 
thus destroying the natural reservoir for water; and artificial 
reservoirs are filled up. In this manner soil erosion interferes 
with the steady flow of water so essential in developing successful 
wat«r power. 

Erosion greaily interferes with navigation, especially on the 
inland waterways of the country. In fact, it is lai^ely because 
of the bad effects produced by erosion that these waterways have 
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not been properly developed. Many rivers formerly navigable 
have now become so filled with sediment that they cannot carry 
boats of even moderate size. Other rivers have to be dredged 
constantly to permit of navigation. 

Injures Crop Production. — In crop production, ditches are very 
often the cause of greater machinery cost and repairs. Moreover, 
a crop cannot be cared for and harvested most efficiently when 
the field is full of ditches, nor can the land be prepared for planting 
at as low a cost as when no ditches are present. 



Nature's vs. Man's Way. — It is the natural tendency for the 
soil to creep down slopes or to be washed away. However, when 
the ground is covered with leaf mold, grass, or other vegetation, 
the creeping is comparatively slow. Dining rains, especially in 
forests, the water is intercepted by the trees and drips down 
quietly without causing any beating effect on the soil. Moreover, 
the layer of leaf mold in the forest, grass in the open, and the organic 
matter in the soil permit the rain to soak gradually into the ground 
and not wash over it. In this way a steady source of water is pro- 
vided the sprii^ and streams. This accoimta for the clear, steady 
streams which come from virgin forests ; and it also explains why 
the pioneer farmers found so many more springs which flowed the 
year round than may be foimd today. 

The development of our lands for agriculture marks the begin- 
ning of excessive erosion in this country. It was quite necessary, 
tobe sure, that the primeval forests over the greater portion of 
the country should be cleared away to ^ve place for com and 
grain, but in the doing of it, it was entirely possible to greatly 
lessen and even prevent the excessive damage done to the soil. 
It has been largely because of man's activities, thesefore — activi- 
ties which were carried on with but little or no thought to the 
future — that this problem of soil erosion is so serious today. 

Clearing of Steep Slopes. — The clearing of non-agricultural 
lands is one of the main causes of unnecessary erosion. Thousands 
of acres on slopes too steep for successful farming should never 
have been clef^«d, but because they were cleared, thousands of 
acres have become ruined. Such cleared lands have been cheap. 
Settlers moved on to them, and moved off again after they hastened 
devastation by improper methods of farming. Many lands should 
have been only partially cleared. 
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Fire a Causal Agent — ^The effect of fire in its relation to soil 
erosion is ramilar to that of clearing. Fires have burned not only 
the tree growth but the leaf mold as well, leaving the ground 
exposed to the beatii^ of the rains and thus causing surface run- 
off and hence soil washing. 

Destructive Lumbering. — Clear cutting of timbered lands has 
commonly been practiced even on steep slopes where a part of the 
younger growth, at least, should have been allowed to stand. 
Fires have been permitted to do much dam^e, especially on cut- 
over areas. Roads were so laid out as to result in serious erosion 
and skid traclia were gouged out and left improtected only to 
wash out after every heavy rain, 

Ovecgrazing. — A hillside well grassed is fully protected from 
soil washing. During ordinary rains the grass protects the soil 
from the beating effect of the falling water, and also causes the 
water to soak into the soil and not pass away as surface run-off. 
The physical condition of the soil commonly present under a 
good grass covering has much to do in facilitating the entrance 
of the rain water into the ground. During heavy rains the long 
grass blades form a protective mat over which the flood waters 
pass with little or no harm to the soil underneath. When rolling 
lands are pastured or grazed too severely this protective grass 
covering is destroyed and severe erosion results. 

EINDB OB* EHOBION 

Gully erosion is characterized by the formation of V-shaped 
cuts or ditches. Sometimes these gulUes are small, numerous and 
more or less parallel to each other. At other times they are few 
in number, but deep and broad. Under certain conditions gullies 
form whicli have vertical, cliff-like aides which keep caving in as 
the water undermines them. When once started, such gullies 
rapidly become deeper, wider and longer with every storm until 
they develop into ugly chasms. 

Sheet erosion is the washing away of the soil more or less 
uniformly over the entire surface without the formation of gullies. 
This erosion usually forms on helds of only moderate slope. Every 
rain washes away some of the finer particles; but since the process 
of washing is usually slow, results are not particularly noticeable. 

Landslides. — ^A landslide is the sliding down of a large quantity 
of soil. They are usually caused by the soil becoming saturated 
with water and then slipping in a large body from the under- 



3d by Google 



TILLAGE 287 

lying subBoil or rock. Frost action is also responsible for 
many landslides. 

SiTer-bottom Erosion. — Good valley land is often destroyed, 
either by the wearing away of the river banks along the main 
channel or by the gouging out of new channels. The Kansas 
River flood, of 1903, for example, completely destroyed 10,000 
acres of excellent farming land and caused a total loss of at 
least 122,000,000. 

PHEVENTION OF EBOSION 

I^ventioo in General. — Since surface run-ofE is primarily the 
cause of soil erosion, its prevention and control depend, in a large 
measure, upon the way in which the protective cover of trees, 
grass and other vegetation is eared for, and on the way in 
which cleared and cultivated lands are handled. There are, of 
course, some factora influencing surface run-ofE that are beyond 
the control of man, such as the distribution of the rainfall and the 
geological formation. Other factors, like the slope and the character 
of the soil, may be modified to a certain extent. 

Much can be done to decrease and prevent erosion by prevents 
ing fires from sweeping through forests and over cut-over lands, 
by ceasing to overgraze the ranges, and by ceasing to clear steep 
slopes for farming. Since so many lands devoted to agriculture 
are rolling, erosion becomes a common agricultural problem. 
The following discussion concerns the control of erosion in farming. 

Drainage and Organic Matter. — Surface nm-off may be 
lessened by good underdraina^e. In this way the capacity of a 
soil for taking in water is increased. Often the thorough drainage 
of a large body of peat greatly lessens the amount of flood water 
that will flow away because the greater portion, if not all, of the 
rainfall would be absorbed by the soil. 

When the organic matter of any heavy soil is increased the 
soil becomes more open and crununy in structure, thus increasing 
its water-absorbing capacity. This also results in decreasing 
the surface run-off. 

Tillage. — Plowing loosens the soil and this allows the rain 
water to soak more readily into the ground. In this manner deep 
hillside plowing of a heavy soil especially lessens erosion to a 
considerable extent. 

When a hillside is plowed, it should be done at right angles 
to the slope; and all cultivated crops should be planted so that 
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cultivation can be done around or across the slope rather than with 
the slope. When furrows run up and down the hill washing is 
greatly increased. This precaution may well be observed in sowing 
grains as well. 

Crops May be Alternated on Hillsides. — On long slopes it is 
good practice to lay out the field into comparatively long and 
narrow strips, and crop them alternately with com, grain and 
grass. In this manner the distance down hitl through which the 
accumulation of water may occur is shortened, thus greatly pre- 
venting the formation of tiny streams. 



Fio. laS. — DepreseionB throue;h fields which serve ss Burf&ce runs shoald be kept sodded, 
(lowft SUtien.) 

Grassing and Cover Crops. — On many steep slopes it is well 
to keep the ground well prot-ected by a good grass cover. Depres- 
sions which serve as surface-runs should be kept sodded. The 
growing of winter cover crops like rye and clover should be encour- 
aged. The roots of such crops help to bind the soil and the vegetar 
tive growth protects it (Fig. 189). 

Terracing. — Terracing is the most effective method of prevent- 
ing soil washing, and it is doubly effective when other methods 
of controlling erosion are practiced in connection with it. Terrac- 
ing consists primarily in reducing the slope over which the water 
moves, or in stopping the flow of water down the slope by forming 
balks or breaks which gradually rise into banks separated by 
belts of plowland. 
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There are two distinct types of terraces — the bench terrace 
and the ridge terrace (Figs. 190 and 191). A field of bench ter- 
races resembles a series of benches, while ridge terraces are simply 



Fia. 190.— Bencb 



ridges of earth thrown up across the slope of a hillside. The former 
is essentially steep-land terracli^, and the latter is for moder- 
ate slopes. 



In starting bench terraces it is best to locate the position of 
the balks on contour lines at regular inter\'als, and begin by 
throwing a furrow upslope and another downward. The balks 
thus started should be seeded to grass and kept sodded or planted 
to shrubs. The subsequent plowing on each belt of plowland 
should be with a reversible hillside plow, throwing the earth down- 
ward. The crop rows, too, should run on the contour lines. In 
time the balks will become' steeply sloping banks fixed by the 
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strength of the sod or the hold of the bushes that may be planted 
on the balks, while the belts of plowland become level, or the slope 
of the benches is slightly reversed. When the benches become 
level, it is necessary to maintain only small shoulders about one- 
half a foot high at their outer edges, 

Bench terraces should have no fall along the direction of then- 
length. The level of the benches may be maintained or their 
slope regulated by plowing — by turning the furrow slices inward 
or outward aa conditions may require. 

In ridge terracing, the ridges are often cropped, or the field 
is planted and cultivated as if no ridges were present. In either 
bench or ridge terracir^, the rain water that falls on a belt of 
plowland is collected and held above the lower terrace until it 
evaporates, sinks into the soil or finds its way slowly to an outlet 
at the ends of the terraces/' 

Terracing is most commonly practiced in the Southern states. 

STOFPmQ WASHING AND RECLAIUINO ERODED LANDS 

In stopping washes and in reclauning eroded lands, it is neces- 
sary to make use of all the methods employed in prevention. 
Aside from these there are many other methods employed in stop- 
ping the advance of ditches and in filling gullies. 

Reforesting. — Most frequently lands which cannot be used for 
fanning because of excessive erosion must be reforested in order 
to be reclaimed. Trees should be planted thickly in the mouths 
of, and aa far up, the gullies as possible. 

Otifer Measures.— Straw or similar material is usually of much 
help in stopping or filling small gullies. Sometimes washes may be 
stopped by dragging in some dirt and sowing sorghum thickly. 
Often ditches may be filled with straw and d^rris, and dirt plowed 
in on top and seeded with grass, soi^hum or grass. Brush, Ic^, 
stumps and stones are excellent materials to throw into gullies 
(Fig. 192). Such material should be well anchored to prevent its 
being carried away. Many ditches have been completely filled m 
this manner. Sometimes dams of wire, mesh, boards, brush and 
reinforced concrete are quite satisfactory for certain locations in 
preventing further erosion, or in reclamation. Usually such dams 
will gradually allow the gully above to fill with sediment {Figs. 
192 and 193), The planting of willows or bushes along the edges 
of a gully is often effective in stopping further ero^on. 

> United States Farniere' Bulletjn 997. 



sdbyGoogle 



OTHER MEASUHES 



Fia. 193. — A Btone diun is cffeotive In filling Eullin. (lowm St&tion.l 



Fio. 193,— Filliiie a bad cully b; meuu o( djimi, (Iowa SUtioD.) 
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Field Stodf. — Observe injury due to soil by erosion. Suggest prevention 
in particular cases. 

Projects in reclaiming eroded land eliould be conducted. These may 
include any or all of the methods suggested in the study of this chapter. 

Other projects in preventing erosion should include terracing, grassii^;, et«. 

QUESTIONS 

1. To what extent is soil erosion a serious problem? 

2. Discuss the injuries resulting from soil erosion. 

3. Under natural conditions how is soil washing checked or prevented? 

4. Explain why the streams from virgin forests are clear and steady. 

5. What marl^ the beginning of excessive erosion in this country? 

6. Discuss the clearing of steep slopes in relation to soil erosion. 

7. Discuss the results of destructive lumbering and overgrazing. 
S. Distinguish between gully and sheet erosion. 

9. What aie landslides? What causes them? 

10. Describe river-bottom erosion. 

11. Upon what depends, in a large measure, the prevention and control of 

soil erosion? Name other faetors involved. 

12. Discuss drainage and soil organic matter in relation to the control of 

erosion in farming. 

13. What constitutes proper tillage and cropping on slopes subject to washing? 

14. What is terracing as applied to soil management? 

15. What aro the two important methods of terracing? Describe each. 

16. Mention some ways in which gullying may be stopped and eroded 



17. What examples have you seen? 
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CHAPTER XVII 
^lE MANAGEMENT OF MARSH LAin>S 

In the preceding chapters are discussed the fundamental 
principles governing soil manf^ement. Soils that are naturally 
productive, particularly loams and silt loams, are not difficult to 
manage. Their fertiUty may be easily maintained if due con- 
sideration be given proper tilla^, crop rotation, and the use of 
lime,' manure and special fertilizers. Some soils, however, differ 
so widely in their characteristics from ordinary soils that their 
improvement and management require special attention. These 
include marsh and swamp soils, sands, clays and depleted silt 
loams. In this and the following two chapters, these soils are 
discussed as regards their characteristics, improvement and the 
maintenance of their fertility. 

Three Kinds of Marsh and Swamp SoUb. — In general, there 
are three kinds of marsh and swamp soils, as follows: 

((o) May be shallow (6 to IS inches), or deep (10 to 
20 feet) 
Po»( B^;i= > C*) May be underlaid by various materials 

feat hoilH .; j^j jj^y be raio or weU decomposed 

(d) May be reddish brown to black in cobr 

(e) May be acid or non-a«id 
(a) May be underlaid by various materials 

■ (6) They are heavier than j>eat soils 
(c) May be acid or non-acid 
(a) May differ widely in texture 
(h) Usually shallow and black in color 
(c) Usually have a blue or mottled clay or sand 

subsoil 
(dj May be acid or non-acid 

Peat and muck are special types of soils. The " marsh border " 
soils grade into muck or peat on the one hand and upland on the 
other. With the marsh border soils are also grouped the poorly 
drained, dark colored soils foimd aloi^ streams and in depressions 
on upland. The marsh border soils include many types. In lime- 
stone sections they are named Clyde silt loam, Clyde sandy loam, 
etc. In sandstone sections they are called Dunning sand, Dunning 
clay loam, etc. In sections in which the country rocks are granitic 
they are designated as Whitman sandy loam, Whitman loam, etc. 
When well drained these soils are usually highly productive. 

Advantages in Fanning Peat and Muck Soils.— Well-drained 



2. Muck Soils.. 



3. Marah Border Soils 
(grades into and 
borders the higher' 
land) 
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peat and muck soils can be made productive and profitable. In 
fact, there are certain advantages in farming such lands, as: (a) 
They are especially well adapted to highly intensive types of farm- 
ing such as truck growing and market gardening; (6) they are 
easily worked; (c) they respond quickly to proper fertilization, 
and (d) they usually supply crops with sufficient moisture during 
dry periods. 

Most Desirable Muck and Peat. — Muck lands are, as a rule, 
more desirable to reclaim than peat. Of the peats, those that are 
shallow, well-decomposed and underlaid by clay or silty clay are the 
most desirable. Those that are "raw, "coarse and deep, or raw and 
underlaid by coarse sand, on the other hand, are the least desirable. 

Problems in Peat and Muck Management. — In developing 
and farming peat and muck lands a number of problems must 
receive careful consideration. These problems ^ould be kept 
well in mind, together with the manner in which they should be 
solved. These are summarized in the following table: 

PriMems in Peat awl Muck Management and Their Soltiluma 



Excessive moisture 
Excessive grasB, moss or brush 
Breaking when tough turf exists 

Deficient in potaaeium and phosphorus 

May lack nitrifying organimnB 

If stroi^y acid 

Too loose seed bed 

Subject to late spring and early fall 



Thorough drainage 
Bum {do not bum the peat) 
Use heavy 18" or 24"-bottom tracior 
plofl 



Compact through the use of roUeis 
Select proper crops and varieties; 
fertilize properly 



• Od monhoi in the Northirn sUtea. See Chapter IX. 

Drainage. — It is useless to attempt the growing of cropa on 
marsh lands without adequate underdrainage. Open ditches alone 
often provide just enough drainage to encourage the farmer to 
plow and plant, but do not provide the thorough drainage neces- 
sary to ensure the crops. Tile in peat should be laid deep to permit 
of deep drainage and to allow for the shrinkage and the settlii^ 
of the soil. The lines of tile should be given sufficient fall to permit 
them to carry off the water. All springs or water-bearing sub- 
strata should be located and tapped with lines of tile. The marsh 
zone bordering the high land should be especially well drained, 
since this is often the wettest portion of the marsh. 



sdbyGoOgle 



CLEARING AND BREAKING 295 

Cteaiing and Breaking. — When peat and muck lands are 
covered with tree growth, the problem of clearing and removing 
the stumps is comparatively simple, since the stumps are usually 
shallow rooted and the soil is light and loose.' The cost of clearing 
varies from fifteen to thirty dollars per acre, and sometimes as 
high as seventy-five to one hundred dollars per acre. 

Rank grass, sphagnum moss and brush can best be eliminated 
throi^ bumii^. The most desirable time to accomplish this b 



when the rubbish is dry but the soil wet. This is usually done dur- 
ing late spring and early summer. Peat should never be allowed 
to bum except when there is a surface layer of loose, spongy, raw 
peat. In such a case conditions should be controlled to prevent the 
burning of the lower stratum. Should peat soil catch fire, the best 
method of putting it out, unless soaking rains come, is to di^ an 
open trench around the fire down to moist or wet earth and let 
it burn itself out. 

Wild turf on marshes is usually very tough and difficult to break. 
The use of heavy, wide-bottomed breaking plows gives best results 

' When peat and muck lands auppbrting tree growth are drained by good 
open ditches, the trees soon die. It is desirable to leave the open ditchea 
three to four years to allow for the settling of the peat. The ditches are then 
cleaned out and the tile laid. During the settling period the trees may be cut 
and the stumps pulled. 
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(Fig, 194), Summer and early fall breaking is advisable. Subse- 
quent plowing may be done by the use of the ordinary plow. 



Fio. 196.— ■■ Stuck ■' corn on burnod-over land. (North Carolina.) 

Some peat and muck lands, as in eastern Carolinas, are covered 
with a thick growth of brush and trees which fill the soil so full of 
tough roots and stumps that breaking is exceedingly difficult or 
impossible. In such cases the brush is cut and burned and corn 
planted without any attempt at breaking (Fig, 195 and 196). 
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During this initial cropping the roots rot, thus permitting subse- 
quent dealing and cultivation. 

Frequently marsh lands become very boggy largely as a result 
of pasturing while the land is still too wet to cultivate. These 
bogs add to the difficulties of breaking. When they are cut off 
and cut to pieces, brealcing is much facilitated (Fig. 197). 

Preparing the Breaking for Planting. — Tou^, turf breakings 
should be thoroughly harrowed, A cutaway-disk harrow is au 
excellent machine to use (Fig. 90). The use of a tractor in pre- 



FiQ. 197.— A bog (rutt«T. Note Che cutting tilade (A) eitendirig from runner to runner. 

paring the new seed bed is especially good, because its weight 
firms the soil and presses the furrow slices down so that good con- 
tact is made with the subsoil. 

Fertilizer Heeds. — Chemical analyses show that peat and 
muck soils, in general, contain comparatively small amounts of 
potassium and phosphorus. Furthermore, experience and field 
tests have clearly demonstrated that potash and phosphate fertil- 
izers and manure are second in importance to thorough drainage in 
determining crop production on these soils. 

Peat and muck soils vary in their fertihzer needs. Some will 
produce fair to good crops for a year or two, after which the yields 
diminish rapidly unles.s the land is fertilized. Other marsh soils 
are so deficient in potassium that they fail entirely to produce 
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crops such as com, even the first year, without manure or fertilizers. 
Potash fertilizers give the greatest returns on most marshes, 
paticularly those not strongly acid (Fig. 198). Soils showing 
an apparent need of potash fertilizers only, eventually need phos- 
phates, particularly those on which no manure is used. Acid 
marshes usually require both potash and phosphate fertilizers, the 
potash being often a secondary need. Frequently a phosphate 



Fio. IQS. — Thii peat soil Rsponda nrtifrularly Ui potash treatment. O, notreaiment; 
N, nitrogen; P. nhoBphate: K, potash; KP, potash and phoephate. 

Fio. 199.— This peat aoil responded readily to phoaphate fertiliser, but best to phoe- 
phate and potash. O, no ti^atment; A', nitrogen; P, phoaphate; K, jaotash; PK. miiture of 

fertihzer, when used alone, gives no increase in yield, but when 
used in conjunction with a potash fertilizer it increases the yield 
as compared to that secured from the use of potash alone (Fig. 199). 
Frequently muck or peat underlaid by silty clay, or clay at a 
depth of about twelve or fifteen inches, shows a marlied need of 
potash fertihzer for a few years, but after that this need of potash 
partially or entirely disappears. This is because the settUng of the 
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soil causes considerable of the subsoil, which contains an abun- 
dance of mineral elements, to become mixed with the soil through 
plowing and harrowing. 

Nitrogen is present in all muck and peat soils in abundance. 
For intensive crops like onions, cabbage and celery, fertilizers 
containing nitrogen seem to be profitable, eepeeially on new lands. 

Clioice of Potash and Phosphates; Their Application. — Muriate 
of potash is most conunonly used. Sulfate of potash, a higher- 
priced material, is thought by some to produce better quality in 
crops hke potatoes and onions, but this claim has not been verified. 
On soils not previously fertilized, the usual application of muriate 
or sulfate of potash consists of about 100 pounds per acre for grass 
and small grains, 250 to 300 pounds per acre for com and potatoes, 
and about 400 pounds per acre for sugar beeta, onions, etc. When 
grown in rotation, the hay is not fertilized since it receives the 
residual effect of previous applications. 

Of the phosphate fertilizers, acid phosphate is most commonly 
used. On soils requiring phosphorus as a secondary need, initial 
applications may be made at the rate of 200 pounds per acre for 
small grains, and 400 to 600 per acre for com and truck crops, 
respectively. Soils especially in need of phosphorus should be 
given special phosphate treatments. 

These fertilizers may be mixed and applied at any time. For 
general soil improvement broadcast application is re^mm ended. 
It is best to mix the fertilizers with the soil through harrowing. 
Subsequent applications may be made in somewhat less amounts, 
especially when manure is used. 

It is more economical to buy muriate of potash and acid phos- 
phate separately and mix them on the farm. A desirable mixture 
for general use is obtained when these two fertiUzers are mixed 
in equal proportions. 

Rock phosphate applied directly to muck and peat and thor- 
oughly mixed in the soil sometimes gives excellent results 
(Fig. 200). 

Large amounts of mixed commercial fertilizers are used on 
marsh lands. Applications vary from 200 to 300 pounds or more 
per acre for crops like grain, and 500 to 1500 pounds or more per 
acre for com and tmck crops, respectively. 

On lands previously cropped and fertilized, the application of 
commercial fertilizers in the hill or drill for crops like com gives 
excellent results, especially when a mixture of muriate of potash 
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and acid phosphate is used. In a six-year test on a peat marsh in 
Wisconsin^ an annual application of 125 pounds of a mixture of 
muriate of potash and acid phosphate, mixed in equal proportions, 
and applied in the drill for com gave better average results than 
the use of a miicture of 400 pwunds of muriate of potash and 600 
pounds of acid phosphate applied once in the first three-year 
period of the experiment, and 200 pounds of each of the two 
fertiUzers applied once in the second three-year period. 

The favorable results secured in applying fertilizers in the drill 
through the use of fertilizer attachments have led many truck 



growers on marsh lands to make a liberal application of fertihzer 
broadcast (either manure or commercial fertiUzers) and to follow 
with an application of about 132 pounds of a coniplete fertihzer 
in the drill, especially for crops like the sugar beet and cabbie. 

Manure on marsh lands may give good results. Many growers 
prefer manure to commercial fertilizers for truck crops. For 
general crops like' com and grains, commercial fertilizers are much 
more economical (Fig. 132). When manure is not plentiful its 
application to upland soils is preferable and more profitable. If, 
on the other hand, manure is plentiful and the uplands have all 

* Peat is well decomposed, averages five feet deep and is thoroi^hly 
drained. Received manure treatment the year before the teat began. Com 
was grown each year. 
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been heavily manured, its application on peat or muck may be 
advisable. Some truck growers have found potash fertilizers to 
be quite necessary to reinforce the manure. 

The use of manure greatly increases the weed problem. In case 
of com, weed control can be much facilitated when the crop is 
planted in checked rows to permit of more thorough cultivation. 
Because of the weed problem, many farmers much prefer the use 
of commercial fertilizers entirely, especially for general farm crops. 

Wood Ashes Are Valuable.^ — Unleached wo^ ashes applied 
at the rate of from one to two tons' to the acre give most excellent 
results on acid mucks and peats, chiefly because of the potash and 
carbonate of lime they contain. Results secured through the use 
of wood ashes on some acid peats could not be duplicated by any 
mixtiu^ of commercial fertiUzers. 

Liming and the Nitrogen Problem. — Even though peat and 
muck soils contain nitrogen m abundance, some crops growing on 
these soils suffer for want of this element. It may be advisable 
at times to apply nitrogen in the form of nitrate of soda as a top- 
dressing at the rate of 50 to 100 pounds to the acre to a crop like 
onions, when it shows the need of it by turning yellow. This per- 
haps explains why mixed fertilizers and manure are much preferred 
by truck growers. 

A nitrogen deficiency may occur as a result of four conditions, 
viz.: (a) The soil may be too cold to favor decay and nitrification; 
(b) decomposition may be too slow because of the nature of the 
organic matter; (c) strong acidity may hinder the formation of 
available nitrogen; (rf) there may be a lack of nitrifying organ- 
isms (Chapter XI). 

Nitrification in strongly a«id soils is greatly promoted throi^h 
limii^. Finely pulverized limestone or any otiier finely divided 
lime may be used. The use of agricultural lime is particularly 
necessary in fitting acid peats or mucks for truck growii^. The 
addition of lime not only favors nitrification, but it renders the 
phosphorus more available as well (Chapter XIll). 

It is thought that the particularly beneficial effect of manure 
on ijiany marsh soils is due in part to helpful organisms which 
are added with the manure. Horse manure is especially good in 
this respect. Peat lands which are pastured a few years before 
breaking are much improved both in their physical condition and 
in their productive power. 

* When containing 30 to 40 per cent moisture. 
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UnproductiTe or " Bogus " Spots. — It is common experience 
in marsh-land deTelopment to find some spots that are difficult 
to make productive. These may be alkali spots (p. 44) ; small 
areas lacking adequate, subsurface drainage; the soil may be 
exceptionally deficient in pota^um; or they may be miproductive 
because of the presence of some poisonous compounds. If given 
special attention, these conditions can usually be corrected throi^h 
proper drainage and through the use of mineral fertilizers and 
agricultural lime. 

The Roller Necessaiy in Marsh-Land Fanning. — Much diffi- 
culty is experienced in farming peat lands because the soil is so 
loose. In order to secure a firm seed bed, it b necessary to use a 
roller. Often it is best to roll a field several times. Kolling both 
before and after seeding or planting is preferable. Sometimes 
desired results can be attained only when the roller is heavily 
weighted, or when an extra heavy roller weighing from 3000 to 
5000 pounds is used. Smooth rollers are not so aatiafactory as 
other forms of packers. The use of a tractor in preparing the seed 
bed ia beneficial in this respect, A firm seed bed warms up better, 
and this reduces the danger from frosts. 

Hay fields on muck and peat lands may be much benefited 
if they are rolled in the spring. 

FroBt on Marsh Lands. — One of the disadvantages in farming 
northern marsh lands is the danger of frosts. On account of later 
frosts in the spring and earlier frosts in the fall, the growing season 
on such lands is considerably shorter than on the high land in the 
same locality. This emphasizes the necessity of considering care- 
fully the crops to be grown on the marsh lands in any particular 
section. For the more northern marshes root crops, hay, cabbage, 
grains and early varieties of corn are recommended. 

When frosts occur either in early or late summer, the injury 
to corn is much reduced if the crop is well fertilized. This advances 
the com and seems to enable it to withstand the low temperature 
much better than it otherwise could. Applyii^ fertilizer in the 
drill is advantageous in this respect (Figs. 201 and 202). 

What Crops Best to Grow. — The fact that mucks and well 
decomposed peats are most excellent soils for trucking and garden- 
ing has led many marsh-land owners to think that these soils are 
adapted for intensive crops only. According to the United States 
Department of Agriculture, at least 300,000 acres of marsh lands 
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FiQ. 201. — Corn od pe«t properly fertiliied wM not entirely dcMroyed t 



Fia. 202.— CoiD not fertiUied wu completely deetioyed by frost. Plot about Caur 
rods from that ehown in Figure 301. 
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could produce all the cabba^, onionB, celery and mint needed by 
the whole United States.' In the eight North Central States^ 
alone there are 15,000,000 acres of mEirsh and swamp lands most 
of which are capable of being drained and utilized for agricultural 
purposes. It is plain, therefore, that all marsh and swamp lands 
camiot possibly be utilized for trucking and gardening, but may be 
suitably used in growing general farm crops {Fig. 203). 



CROPS 


ACRES 


CELERY 
ONIONS 
CABBAGE 

PEPPERMINT 

CORN 

COMBINATION 


^^^^ 





difierent ciops. (U. S. D. J 



FiQ. 204. — FutniDg muih lands along eiteiuive linw. Four yeuB from iwamp. Hoes 
in rape. (North Cuolins.) 

On tough turf breakings buckwheat and flax are commonly 
grown to subdue the sod. On pastured marshes, particularly, com 
is frequently grown as the first crop. Crops for marsh lands are 
mentioned in the table on next page, together with the advan- 
tages and disadvantages in growing them. 

' United States Department of A^oulture Fanners' Bulletin 7B1. 
* Ohio, Indiana, Michigan, lllinoia, Wisconsin, Minnesota, Iowa and 
Missouri. 
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CROPS FOR MARSH LANDS 
Oops far Marsh Laruls* 



Yield good; price fair; labor 

cost very low 
Excelleat paetur&ge; good re~ 

turns; moisture supply good 
Easy to plant, cultivate and 

harvest potatoes on muck 

BJid peat 
Good yield; price stable; labor 

cost low 

Usually as profitable as oats 



Good value as feed 

Good to subdue tough sod; 

ea^ to grow 
Possibility of good income per 



Muck and well-decomposed 

Eat soils best for celery; 
■ge income per acre 
Good yield and returns 

Muck and well-decomposed 
peat best for peppermint; 
possibility for very large in- 

amount of labor 
Good income per acre 



Grows well on marsb soils; < 



Has been grown on well- 
drained muck and peat; ex- 
cellent feeding value 



DicadvuiUcw 

Danger of frost in late spring 
and early fall; weeds fre- 
quently ^ublcsome 

Quality of rnftrffh tkay sometimes 

Sometimes injured by excessive 
heaving during winter 

Market discriminates against 
"muck " potatoes 

Fre<juently heaves badly in 

winter; difbcult ta get firm 
seed bed 

Danger of frost in spring and 
lodging at harvest time 

Danger of frost in spring; fre- 
quently lodges badly at har- 
vest time 

Yield and prioes usuallj^ low 

Dan^r of frost; subject to 
bhght on marsh lands 

Fluctuation in price; danger of 
rotting; large labor require- 
ments 

Groat fluctuations in prioe; 
weeds difficult to control; 
targe amount of labor re- 
quired; insect enemies 

Lar^ amount of labor required; 
danger of blight and rotting; 
price unstable 

Requires much labor; quality 
lower than upland beets 

Demand very limited; fluctua- 
tion in price great; expensive 
equipment needed 



In some sections much skilled 
hand labor required because 
of lack of proper machinery 

Not the best of feed 



age, lime and inoculation 



*Whh Bpedsl referenee to msrebe* in 



la Northern stAtea, mm rcflardj fr 



,db,Google 



306 THE MANAGEMENT OF MAH8H LANDS 

Crop Rotation. — Rotation, or at least a change of crops, on 
marsh soils is advisable (Chapter XV), Many farmers who spe- 
cialize in growing onions, celery, cabbage, etc., much prefer to grow 
the same crop continuously on the same land. Little attention is 
thus given to minor crops; and when a change of crop is made, it 
is only when the principal crop is threatened with some ibsect or 
plant disease. 

Some successful truck growers plan the growing of clover and 
timothy at frequent intervals. This adds easily decomposable 
organic matter (as sod), which aids the liberation of plant^food 
elements and improves the physical condition of the soil. 

Some good rotations for general or dairy farmii^ are as follows: 

A. — Com (three to four years). Oats or barley. Hay (clover 
and timothy).'' 

B, — Com (two years). Oats, Hay. Pasture. 

C. — 1. Com (rape sown at last cultivation). 2. Si^ar beets. 
3. Oats (seeded), 4, Hay (pasture may follow for fifth year). 

Corn is oft«n grown two to three years in succession. Some 
sow rape at the last cultivation. This is beneficial not only in 
furnishing some fall pasture (Fig. 204), but also in firming the soil. 
After the original wild sod is subdued, it is often advisable to grow 
corn or some other cultivated crop two or three years before grain 
is tried. Too thick seeding of grain should be avoided, because 
of the danger of lodgii^ which necessarily smothers the seeding 
of clover and grass. For this reason it is often advisable to cut 
the first oat crop or two for hay to save the seedii^. The preven- 
tion of lodging depends, in a large measm%, on the amount of seed 
sown per acre and the use of proper fertilizers. A mixture of alsike 
clover, timothy and red-top constitutes the most conmion grass 
seeding for marsh lands. These are usually mixed in about equal 
proportions. Medium red clover is sometimes used. 

Types of Faiming. — Four types of farming may be practiced 
on marsh lands, viz., trucking, dairy or stock farming, grain 
farmir^, and combination farming, as trucking and dairying. The 
type of farming practiced in any locality depends upon many fac- 
tors, important of which are : The adaptation of crops to'soil and 
climate; nearness to markets; availability, cost and seasonal 
distribution of labor; and injury from insects and plant diseases. 

Trucking is determined largely by the neamess to large centers 
graBB or hay mixture 
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of population which offer ready marketB. The lack of available 
labor in some sections, on dairy and stock farms, and especially 
on lai^ tracts, determines, in a lai^ measure, tbe development of 
marsb lands aloi^ extensive lines, since one man in general or stock 
farming can care for many acres. This is well shown in Figure 203." 

The growing of general farm crops does not involve so much 
risk as in the growing of such crops as onions and celery; moreover, 
the profits aremore dependable from year to year. It is also highly 
probable that, through a period of years, the average profit in 
grain-and-stock farming will be larger than for any special type, 
as in celery or onion farming, when similar amoimts of capital and 
labor are involved.* 

Many farms include marsh tracts containing from a few to 
many acres. It is common experience that when these tracts are 
well drained and properly fertilized they become as profitable as 
tbe best upland. 

It is possible to pursue general or stock farming on farms con- 
sisting entirely of muck and peat soils. Indeed, many such farms 
are already being operated with marked success. These are ertcour- 
^ing facts since it is plainly evident that if large areas of marsh 
lands are to be utilized for agricultural purposes extensive systems 
of farming must be developed. 

Field Studies.—!. Study good systems of maish maiuigemeat, particu- 
larly OD successful farma. 

2. Examine an undrained marah and note in particular the wetter por- 
tions, and determine the reasons why. 

3. On the same area examine the depth and different types of Boil. Sketch 
a m^ of the area indicating the streams, ^ypes of soil, etc. 

Home Projects and Experiments. — To determine the profitable use of 
mineral fertilizers on a peat soil. 

Procedure. — -lifty out at least an acre, or a smaller area, of peat soil and 
divide equally into. three strips. To strip No. 1 apply muriat* of potash at 
the rate of 200 pounds per acre. Strip No. 2 is to receive no treatment. On 
strip No. 3 apply a mixture of muriate of potash and acid phosphate at the 
rate of 200 pounds of the potash and 300 pounds of acid phosphate per acre. 
(Figs. 225, 226, 227, 132, and 221). Keep account of all coats, determine yields, 
and compute net profits. 

To Compare the Value of Wood Ashes with a Potash Fertilizer. — Pro- 
cedure.— In a similar manner as in the previous project, compare the value of 
wood ashes with muriate of potash or sulfate of potash. Use corn. Con- 
sult text. 

To Det^mine Bconomy in Using the Proper Fertilizer in die Hill for Com. 
— Procedure. — Mix acid phosphate and muriate of potash in proportion of one 
to one. On one strip of peat apply 125 to 135 pounds of this mixture per acre 

' United States Department of Agriculture Farmera' Bulletin 761. 
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for com with a fertilizer attachment on the planter; on an adjoininR area apply 
400 pounds of the mixture broadcast. Drag the fertilizer in before jjlaatins. 
Plant all the corn at the same time. Keep account of costa, detennme yields 
and compute profits. 

Ofbet projects and ezpsriments may be planned on suitable plots to com- 
pare, (a) spring plowing with fall plowing; (b) plowing uncier barnyard 
manure witd the application of manure as a top dressing and disked in before 
planting; (c) plowing of peat with just diskii^; (d) the growth and yield of 
a crop on well-rolled plot with that on unrolled plot. 

QUESTIOHS 

1. Distineuish between marsh and swamp lands. 

2. Describe in general marsh and swamp soils. 

3. Can any good be said of muck and peat soils? 

4. Tell of the relative value of muck and peat soils for farming. 

5. What are the important problems in the development and farming of marsh 

and swamp luids? How may these problems be met? 

6. What is a common mistake made by marsh-land owners? 

7. Discuss in general the drainage of marsh and swamp lands. 

8. Discuss the problem of clemng and breaking. In preparing' the new 

seed bed. 

9. What are the fertihzer needs of peat and muck soils? How have these 

needs been shown? 

10. Does the same rule concerning specific fertiliser needs apply to all marsh 

and swamp soils? Rxplain. 

11. What choice is to be made of the different fertilizers? 

12. How may commercial fertilized be applied to peats and mucks? Which 

method is the best? 

13. Discuss the use of nmnure on peat and muck soils. 

14. Where would unleashed wood ashes pve best results, on an acid peat 

or on a non-acid silt loam? Why? 

15. Is it necessary to lime marsh lancu? 

16. How may manure benefit marah lands other than through the addition 

of fertilizinf; elements? 

17. What can be said of the benefits to be derived in pasturing peaty soils? 

18. What may be the nature of unproductive spots on marsh lands? What 

remedies should be applied? 
10. What important problem arises in farming peat lands due to the physical 
characteristics of the soil? Discuss r^nedies. 

20. Discuss tJie relation of frost to marsh lands. What can the farmer do to 

avoid or lessen injury due to frosts? 

21. Distinguish between intensive and extensive farming. 

22. Are allmarsh and swamp lands to be developed and tarmed along inten- 

sive Unes? What are the facts? 

23. Name some advantages and disadvantages in growing the following 

crops on muck and peat soils: Com, hay, potatoes, oats, nemp, caUwge, 
mint and sugar beets. 

24. Is it necessary to practice crop rotation on marsh soils? Discuss. 

25. What types of farming may be practiced on muck and peat soils? What 

are some of the factors determining the choice to be made? 

26. Which type of farming assures greatest profits? 

27. Upon what depends, in a large measmv, the future development of lai^ 

tracts of marsh lands? 

28. If possible, describe a particular case of management of marsh land. 

29. For an outline summary of this chapter, see table of contents. 
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CHAPTER XVni 
SAHDS AND THEIR MANAGEMENT 

SandtboIIs include four important classes, namely: (1) Coarse 
and medium sand; (2) fine sand; (3) sandy loam, and (4) fine 
sandy loam. The last two classes are generally recc^piized as 
excellent soils, and their management requires no special attention 
when due consideration is given to the maintenance of their 
fertility. When depleted they require about the same treatment 
in their improvement as do loams and silt loams. The medium 



Fio. 206.— Shifting or dune sand. 

sands and the fine sands, on the other hand, have certain charac- 
teristics which necessitate a special knowledge for their success- 
ful management. 

The fine sands are much more desirable soils than coarse sands. 
This fact is usually indicated by the character and size of the undei^ 
growth of cut-over lands or by the original vegetation which they 
are supporting or have supported. Heavy growth and hardwoods 
usually indicate the presence of more fine material in the soil and a 
higher content of plant-food elements, which mean more favorable 
eroppii^ possibilities. 

Dune or shifting sands (Fig, 205), being of little or no agricul- 
tural value, are not considered in this chapter. 

Advantages in Farming Sands. — ^There are several advantages 
to be considered in farming sands, namely: (a) They are warm and 
quick soils; (b) they are especially well adapted to the growii^ 
of small fruit, early vegetables and such crops as strawberries, 
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melons and pineapples; (c) they are easy to till; (d) they can be 
worked readily during wet seasons or when wet; (e) they respond 
quickly to proper fertilization; (J) they are profitable in pro- 
portion to their valuation. 

Sand Problems. — The main problems encountered in cropping 
sands may be summarized as follows: 

Problems in Sand Managemenl and How to Sobie Them 



Low in nitrogen and org&nio matter 

Soils usually acid 

Deficieat in pboephorus and potaasiun 

Too loose s^-bed 

Moisture supply uuoertain 

Subject to wind-action 



Apply manure; grow legumea 

Lime the soil 

Apply mineral fertilizers 

Roll the land; increase oi^anic matter 

Conserve moisture; increase organic 

matter 
Wind-breaks; proper field i 



Nitrogen and Organic Matter. — The need of nitrc^n and 
organic matter is of the greatest importance in sand farming. For 
this reason, the growing of legumes such as soybeans, cowpeas, 
velvet beans,' mammoth clover, etc., should be given the greatest 
attention. Many times sands are so poor that winter rye is the only 
crop that can be grown. This rye should be plowed under in the 
spring, andsoybeans, mammoth clover or some other suitablelegume 
planted. The entire legume crop should be plowed under when still 
green. Following this a short rotation may be put into practice, 
not only to provide an income, but to improve the soil as well. 

Increasing the organic matter and maintaining it constitutes 
a big problem. The whole program in sand farming should center 
on this problem. Agricultural lime, manure, commercial fertil- 
izers, and green manure crops should be used particularly to 
increase the growth of clover and other legumes, these being 
necessary to assure good yields of other crops. 

Manure for Sands. — Since sands arc usually deficient in the 
three important plant-food elements, manure is an excellent 
fertilizer to use. When well decomposed, its application b& a top- 
dressing on plowed groimd into which it is disked seems to give 
beat results for com. It is advisable, however, to apply much of 
the manure as a top-dressii^ on the clover fields. 

i important legumes for soil improve- 
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MaDure alone does not supply the full needs of sands. Phos- 
phate and often potash fertUizers are necessary to develop properly 
balanced soils. 



Fio. 206.— Sand wiOiout the wherewithal to produce. (Bee Fi«, 207.) 



Fia. 307. — From poor to prodnctiv* wnd in thne yearB. Lima and proper fertUiura. 
Same soil ae shown in Figure 206, 

Nitrogen Fertilizers.^ — {See index.) The low supply of oi^anic 
matter in these soils necessarily means a low nitrogen supply, hence 
the ui^ent need of nitrogen. However, the use of commercial 
nitn^en fertilizers, such as nitrate of soda and ammonium sulfate, 
as the main sources of nitrogen in general farming on sands is 
not recommended, since these fertilizers cannot take the place of 
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legumes and manure iu supplying the much-needed organic 
matter (see index). 

Liming Sands. — For most sands lime may be regarded as the 
second important need in their improvement. This is necessary, 
not only to supply available calcium for crop needs, but to render 
the fertihzing elements in the soil more available as well {Figs. 
206 and 207). 

Without sufficient lime alfalfa cannot be grown on acid sands. 
Mammoth, medium red, crimson and Japan clovers are much 
benefited when sands of slight to medium acidity are limed. 



Fia. 20S.— A good ccop ol Boybeuis od sandy soil. 

Soybeans (Fig. 208), cowpeaa, and velvet beans grow very well on 
sands having slight to medium acidity, but when the soils are 
strongly acid liming is necessary for best results (p. 229). 

Phosphorus and Potassium Needs. — Some sands, especially 
those of slight to medium acidity, require phosphorus as second 
in importance to nitn^en and organic matter. On most sands, 
however, phosphate and potash fertUiaers are indispensable; 
the potash being of most value during the first few years 
of improvement. 

Of the phosphate fertilizers, acid phosphate and steamed bone 
meal are most commonly used. Best results in the use of these 
fertilizers are secured after the nitrogen and organic matter have 
increased, and acidity has been reduced by liming. Acid phos- 
phate may be applied at the rate of 300 to 500 pounds to the acre, 
applied as a top-dressing and disked in. This application should 
be made to benefit the legume crop, and may be repeated at least 
once in a three-year rotation. 
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One hundred twenty - five pounds of muriate of potash 
should also be applied with the phosphate. Additional amounts of 
50 to 100 pounds of the potash f ertibzer may be applied per acre 
for com and potatoes, respectively. 

For more permanent soil improvement rock phosphate {see 
index) may be used instead of acid phosphate, but not until the 
soils have been well enriched with organic matter. 

Use of Mixed Fertilizers. — Many have found it profitable, 
in addition to the use of manure and special fertilizers, to use 
from 125 to 200 pounds of mixed fertrilizers per acre for com, 
applied in the hill or drill and about 500 pounds for potatoes. 

Usually, it is advisable, in the spring, to apply a light top- 
dressing of manure to the rye to increase the yield and esperially 
to benefit the clover seeding. When manure is not available, an 
application of 400 to 500 pounds of a 2-8-1, or a 4-12-0 mixed 
fertUizcr (NPK) may be substituted. A mixture of 100 pounds 
of dried blood and 300 pounds of acid phosphate per acre gives 
good results. The fertilize* should be mixed with the soil through 
disking or harrowing. Harrowii^ grain bn sand in the spring does 
not injure the crop, but greatly improves it. 

The Seed Bed. — Much care should be given to the preparation 
of the seed bed. Firmness is desired (see Tillage, in index). This 
can be accomphshed through good plowing, thoroi^ harrowing 
and by lisii^ a combated roller or cultipacker (p. 155). The 
import.ance of close contact between the soil and the seed {Fig. 21) 
and, later, between the soil and the young roots should always be 
kept in mind in preparing a seed bed on sand, and in planting and 
sowing. The presence of a good supply of organic matter is an 
important factor in preparing a proper seed bed. 

Tlie Moisture Supply. — The water-holdii^ capacity of sands 
b low (see index). Moreover, this moisture is easily secured by 
crops and thus this comparatively small amount of moisture, if 
not replenished by rains, is soon used up. Crops on sand, therefore, 
frequently suffer for want of moisture during dry periods. To 
lessen this injury, moisture conservation and control should be 
given special attention. Soil mulching is important. Biskii^ 
and "dragging" winter rye in the spring is good practice. Sowir^ 
such legumes as soybeans and cowpeas in rows to permit of cultiva- 
tion is advisable. In case of potatoes, endeavor to grow thrifty 
vines to shade the ground. When the subsoil is sand, subsoiling 
or deep spring plowing should never be done. 
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The only way to increase the water-holding capacity of sand 
is to increase the oi^anic matt«r (Chapter IX), 

" Blowing " of Sands. — Because of the lack of sufficient 
material like clay and oi^anic matter to bind the soil particles 
tn^ether, sands are loose and subject to wind-action. Often during 
the early growing period before the ground is covered by growing 
crops, high winds blow so much sand as to greatly injure and even 
destroy crops, especially com and p 



Fia.ZOO. — Fteu-wheel attaoliment (or grain drill. Splendid U> lue oo uody icnli. (Fig-SS.) 

Wind-breaks are means of protection to a limited extent. 
These may be planted, or when trees are cut in land-clearing, 
rows of trees or narrow strips of timber may be left for this purpose, 
A very effective way of protecting lands which are subject to 
wind-action consists in laying thera out in long narrow strips at 
right angles, or nearly so, to the prevailing winds. These strips 
should be managed so as to have crops that cover the ground in the 
early spring, such as clover or rye, alternate with cultivated strips. 
Sands become less subject to "blowing" when, by proper manage- 
ment, they are enriched in organic matter. 

Sand fields become much more exposed to wind-action when 
they are fall plowed. It is usually best, therefore, to plow exposed 
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sand fields in the sprii^. Fall cover-crops Bhould be given 
much attention. 

Other Points on Management — In clearing eand lands, grass, 
leaves, etc., should never be bumed, but plowed under when- 
ever possible. 

Plowing. — First plowing shoidd never be more than four and 
one-half to five inches deep, and subsequent plowing not deeper 
than six inches. Spring plowed land should be made firm by har- 
rowing and rolling. A weeder ia a good implement for sandy 
soils (Fig. 210). 



Fio. SIO. — Riding weeder, a aplendid tool for Bsndy soils. 

DriU Best for Sands. — It has been clearly shown that the drill 
grain-sower is the best to use on sands (p. 314). It is best to drill 
in the clover seed also, not with the grain, but separately and in 
opposite directions to the grain drill-rows (p. 79). 

Peat /or Sand Irrvprovemerii. — Many sand sections include 
numerous peat marshes. When convenient, the peat may be 
applied to the sands to increase the organic matter and the nitrogen 
supply. In some countries thb is a common practice. Twenty- 
five loads may be applied to the acre. It is quite necessary to 
supplement the peat with phosphate and potash fertilizers. 

Crops for Sands. — Sands respond readily to proper treatment. 
Moreover, they warm up quickly and are easily worked. When 
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rightly managed, therefore, they are well adapted for growing 
potatoes, strawberries, melons, pineapples, garden truck and 
small fruit. 

Following IB a brief discuamon concerning the growing of 
other cropB. 

Soybeans. — A splendid legume for sand improvement. Grows 
well on shghtly to medium acid soils. Sands strongly acid should 
be limed. Inoculation is usually necessary. Usually best to plant 
in rows. Supply mineral fertilizers. Ranks high in feeding value. 
A good cash crop (Fig. 129). 

Mamnu^ Clover. — An excellent clover for poor sands. Liming 
necessary if soils are acid. Inoculate for best results. Sow with 
drill. Top-dreaa young seeding with manure or mixed fertilizers. 

Couipeos. — Of particidar value in the Southern states, though 
adapted to a wide range of climate. May be grown for seed and 
feed. Inoculation important. Well adapted to slightly or medium 
acid soils. Hay ranks lower in feeding value than soybeans. 

Velvet Beatis. — A most useful soil-enricMng legume for the 
South. Grows well on acid soils. Inoculate, except when grown on 
land which has grown lespedeza or cowpeas successfully. On very 
poor soil use acid phosphate. Has high feeding value. 

Crimson Clover. — A clover for the Middle Atlantic states. 
Lime stroi^y acid soils. 

Medium Red Clover. — Grows best on non-acid soils. Sow in 
same manner as mammoth clover. May take the place of mam- 
moth clover when soils- become improved. 

Vetch. — In some sections this plant has not attained the favor 
as other legumes. First attempts are often failures. Good to sow 
in rye. Inoculate. Lime strongly acid soils. 

Alfalfa. — Crop too uncertain. Should not be grown unless 
soils are well supplied with lime and highly improved. Inocula- 
tion necessary. 

By^ (winter). — Best grain for poor sands. Sow with drill. 
Top-dress with manure or fertilizers. "Drag" or harrow in the 
spring. Avoid too thick seeding. Plant early to permit of good 
winter covering. 

Potatoes. — Well adapted to sands. Best to follow a green- 
manuring crop,Dr be grown on clover sod. Apply mineral fertil- 
izers in drill. 

Com. — Can be grown with good success on sands. Best to 
grow on cover sod. 
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0(^. — ^Best results when sands are improTed. 

Barley. — Sands are poor barley soils. 

Grass and Pasture. — Sands poorly suited to grass or pasture. 

Brome Grass. — Gives promise for good pasturt^ on sands. 

Buchoheot. — Well adapted to sands. 

Cotton. — Cotton grows best on richer soils. 

Sugar Seete. — Sands are not adapted for the growing <^ 
this crop. 

Crop RotatitHi. — Short rotations are best for sands. In jJantdng 
the rotations, legumes, catch-crops and green-manuring crops 
should be given special consideration; and no grain or cultivated 
crop should be grown twice in succession. Moreover, rotations 
must necessarily change to fit the stages of development. 

In b^inning sand improvem«3it the following rotations 



A — 1. Soybeans to plow under (sown on land havii^ had fall 
rye plowed under). 2. Soybeans for seed or hay (rye sown in the 
fall). 3. Rye (seeded with mammoth clover or vetch which is 
plowed under). The clover may be left for hay, and the hay fol- 
lowed by soybeans for seed or hay. 

B — 1. Soybeans or cowpeas (to plow under or for seed, depend- 
ing on the soil). 2. Com or potatoes (fall sown rye or vetdi for 
cover crop). 

C — 1. Soybeans for seed or hay (fall rye). 2. Rye (soybeans 
sown immediately after harvest). 

The following are typical rotations when a definite system of 
fanning has been established : 

D — 1. Com (soybeans planted with cron; faJl rye). 2. Rye 
(seeded with mammoth clover). 3. Clover (second growth 
plowed under). 

This may be made a four-ye(ur rotation by growing soybeans 
after com. Soybeans may be grown the third year instead 
of clover. 

E — 1. Com (fall rye seeded in com at last cultivation), 2. 
Rye (soybeans sown immediately after harvest, and plowed under 
in fall). 3. Mammoth clover, seed without nurse crop. 4. Clover 
for hay. Fifth year may be pasture. 

F — 1. Clover. 2. Com (rye sown in com at last cultivation, 
and plowed under in the spring). 3. Potatoes (rye sown in fall 
and clover seeded in the spring). 4. Rye. 

G — 1. Vetch and rye (volunteer vetch plowed under for 
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potatoes). 2. Potatoes (fall sown rye). 3. Rye (seeded to clover). 
4, Clover (second growth plowed under). 5. Com (soybeans 
in com). 

H— 1. Velvet beans (plowed under), followed by rye (plowed 
under about May 1), 2. Cowpeas (cut for hay), followed by crim- 
son clover (sown in fall and plowed under about May 1). 3. Com 
and velvet beans. 

Types of Fanning. — When the whole farm consists of poor 
sand, the real problem is to find a way whereby the farmer with 
limited means can b^in at once to realize an income which he 
can use to improve the soil and to develop a well-balanced and 
profitable system of fanning. It costs money to buy the needed 
fertilizers and E^ricultural lime, and it is temporarily expensive 
to grow certain crops and plow them under. The farmer must 
begin a system of cropping which will, at the outset, give him 
fairly certain and continuous returns, 

SoytJeans, cowpeas and velvet beans (depending upon ibe 
section of the country) offer the quickest and surest sources of 
income. When the sands arc poor and organic matter and nitn^en 
are essential to ensure any crop at all, a portion of the legume crop 
should be plowed under. If a rotation such as A is planned at the 
start, one-third of the crop is plowed under (legume), leaving two- 
thirds of the season's crops for sale. Perhaps after the first three 
years, or when the three-year rotation is completed on each field, 
a rotation such as D or E may be established, or a combination of 
the two. In rotation D tiie soybeans may be grown for sale as 
seed, and later on when animals are brought on the fann, or when 
the number is increased, the soybeans may be grown for forage 
except when opportunity is afforded to sow the crop after harvest- 
ing rye, for green-manuring (rotation E) . 

During the first few years l^umes should constitute the major 
crop, and at the same time sufiScient com and rye should be pro- 
duced to meet the feeding requirements of the horses, a few cows 
and pigs, and a few head of young stock. 

Sands afford splendid opportunities for a combination of potato 
and grain farming, provided particular attention be given the grow- 
ing of l^umes, and to the use of fertihzers and agricultural lime. 
This type of farming demands much less capital than livestock or 
dairy farming, though the distribution of labor is not so good. 

In many sand sections which are favorably located, dairying 
seems the best type of farming to be considered. Fences for cows 
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Fia. S12. — Profitable und. Corn on olovet >od, muiured. (WisoonsLn Station.) 

are easy to build and dairy eows will turn into profit lai^e quanti- 
ties of roughage that can be produced so readOy on sands. Further- 
more, the manure produced can be used to good advantage in soil 
improvement (contrast F^ras 211 and 212). An extra silo for 
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Bummer feeding will solve, in a large measure, the problem of sum- 
mer pasture, which is rather difficult to maintain on sands. 

Little need be said concerning sand fields which form parts of 
many farms. .Through intelligent management many of these 
fields are sources of highly profitable returns. These fields, 
together with the successful sand farms being operated, indicate 
the possibilities that may be realized in the proper development 
of sand lands that are at present considered of little agricul- 
tural value. 

Field Studies. — 1. Study syBtems of sand mtmagement, particulariy on 
BucceBsful fanna. 

2. Study the character of subsoil in sandy fields. Which are more desir- 
able than others? Why? 

Home Projects.— Select three acns of sand or eandy soil, or an acre, 
and divide into three equal portions. Fertilize properly. Establish a three- 
year rotation of rye, mammoth clover and com. Individual studenta or the 
school may continue the rotation for at least ^ y^ars, and observe results. 

2. Conduct projects in the proper management of sandy soils as directed 
in the study of this chapter, 

QUESTIONS 

1. Name the four important classes of soils grouped under "sands." How 

do they difFer in texture? 

2. What are the indications of a desirable sand farm? 

3. Name the special problems b sand management and state briefly the 

solution of each. 

4. What is of the greatest importance in sand improvement? Discuss. 

5. Is manure the b^t fertilizer to use on sand? Discuss its use. 

6. Should a sand fanner buy nitjttgen fertilisers? Why? 

7. Discuss the importance of j^ricuTtural lime in sand improvement. What 

kinds of material may be used? Discuss tbeir application. 

8. What mineral fertiliaere are best for sands? Discuss their use and 

application. 

9. What are mixed fertiUzera? How may they be of value in sand farming? 

10. Discuss the preparation of the seed bed on aand. 

11. What is the problem concerning the moisture supply in farming sand 

lands? What means may be employed tor solution of tliia problem? 

12. Discuss the "blowing" of sand and its prevention. 

13. How should sands be plowed? Explain. 

14. Which are better for sowing grain and clover on sands, broadcast sowers 

or drills? Discuss fully. 

15. Tell of the value of peat in sand improvement. 

16. Name some crops especially well adapted to sands. What may be said 

of alfalfa, oats, barley, grass and pasture, sugar beets and cotton? 

17. Discuss crop rotation in relation to sand management. 

18. What is the main handicap of the farmer of limited means who begins 

farming on sand, especially when the soil is poor? 
Ifi. What types of farming are adapted to sands? Discuss each. 

20. Have you seen a case of succesrful farming of sandy land? Give the ele- 

ments of success. 

21. For an outline summary of this chapter, see table of contents. 
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CHAPTER XDC 
UAHAGEMEirr OF CUTS AND DEPLETED SILT LOAMS 

CLAT ICAN&GEUENT 

C1.AT soils are quite the oppoate of saads ia many respects. 
Sands are loose and open, while clays are sticky and "tight." 
Sands are the eadest soils to work, and clays the hardest. The 
special characteristics of clay soils are due largely to th«r fine 
texture. They are cotnpoaed of thirty per cent and more day, 
and the remaining materUd consists of ^t and fine sand.* They owe 
their origin, commonly, to the settling out of fine sediments which 
have been carried into bocUes of watw by streams. 

Included in this class are the "gumbo" soils which are so preva- 
lent in certain sectJoms and localities. Gumbo is usually black 
clay soil occurring either on river bottoms or flat upland. Hiia 
soil is more sticky and bakes more easily than any other kind of soil. 

Points in Favor of Clays. — Heavy day loams and days have 
a few points in their favor, namdy: (a) They are excellent toi 
general farming, for hay and grazii^; (6) they tu« well adapted 
to clovers and small grains; (c) they can usually supply crops 
with moisture better than sands during a dry period. 

Spedal Problems. — Clay soils are highly productive when they 
are given the proper treatment. The special management problems 
which theypresent and their solutions are briefly stated in the table. 
PrMema m Clay Management and Their Solulitms 

PnUema SolulJoiu 

Usually cold and wet Proper surface and subeurfaoe 

drainage 

Difficult to develop good tilth Thorough drainMe; plow when fit; 

grow graae and pasture 

Oi^anic matter Eind nitrogen usu- Grow legumea and grass; pasture 
ally low 

PhoepboruB often deficient Use proper phosphate fertilicera 

Subject W> wftshii^ (erosion) Keep grassed; terrace; deep plow- 

ing, etc. 

'The average mechanical composition of nearly 2000 clays is as follows: 
For^-two per cent clay, thirty-eix per cent silt, sixteen per cent of very fine 
sand and fine sand, five per cent medium and coaise sand, and one- per cent 
fine gravel. 
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Inywrtance of Drainage. — Dr^nage is usually the first step 
in the improvement of clays, since they are so retentive of moisture 
and do not permit water to percolate easily through them. Thus 
it is that clay soils are usually wet and cold and lack proper aerar 
tion. Attention should be given both surface drain^e and tiling 
(Chapter IX). Through proper surface and under-drainage these 
soils warm up better, become better aerated, and are much 
improved in their productivenesa. 



Fia. 313. — When heavy soils are plowed too wet they beeome puddled. Hard liunpa naiilt. 

mth. — The greatest problem in the cultivation of clays con- 
cerns tilth (see index) . When plowed or worked too wet the soil 
particles are forced together, and the result is a hard, lumpy soil 
when it becomes dry (Fig. 213). When exposed to a hot, drying 
sun a moist or wet clay easily bakes. The preparation of a good 
seed bed, therefore, is difficult and requires much extra labor 
(see "Clod Crushers"), 

Thorough draui^e is an important factor in the development 
of good tilth. A second consideration is careful plowing. Clays 
should never be plowed or worked when they are wet. Often the 
bad effects of plowing heavy soils when too wet extends through 
several years. When such lands have become hard and lumpy 
because of careless plowing, freezing and thawing is about the only 
process that will restore a crummy or granular structure. This is 
best accomplished through fall plowing. 
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Organic matter has a wonderful effect in looseoii^ heavy soils. 
Improvement in this direction can best be accomplished by growing 
grass and by paa- 
taring. Combin- 
ing red-top, timo- 
thy and clover 
makes an excellent 
grass mixtm^ for 
any heavy soil. 
The roots of 
grasses loosen the 
soil and in a large 
measure prevent 
puddling. 

The growing 
of sweet clover on 
clays for soil im- 
provement is 
highly recom- 
mended. The 
deep roots pene- 
tratingthe"t^ht" 
subsoil improve 
drainage, favor 
aeration and odd 
much organic 
matter (F^. 214). 

The use of aiiv 
slaked lime or 
quicklime on clays 
tends to develop 
better tilth, espe- 
cially when acid. 
This effect, how- 
ever, is percepti- 
ble only when 

limo is iiaful i"<i¥i '^^ !H.— The uppar portion of k iwect dovsr root. Such 

mue i» uaeu con- ro^^ wilTpunotur* tight ttid hud lubuilL 

tinuously for 

several years. Usually clays are not acid or only slightly so. 

Oi^anic Matt^ and Nitrogen. — Clay soils are commonly 

deficient in oi^anic matter and nitrt^en, especially those which 
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were originally covered with forest growth. The growing of g 
and pasturing have been mentioned as means of increasii^ the 
organic matter. The plowing under of clover and green manurii^ 
crops, and the use of manure are especially recommended as means 
of increasing the nitrogen supply. 

Phosphates for Clays. — Heavy soils usually contain large 
amounts of potassium. When well drained and sufficiently supplied 
with oi^auic matter potash fertilizers are seldom required on 
these soils. 

The phosphorus neei^ of clays are quite general, so that the 
use of phosphate fertilizers is usually h^hly profitable. For imme- 
diate results, acid phosphate may be used at the rate of 200 to 300 
poimds per acre for grain and 400 to 500 pounds per acre for com. 
Rock phosphate, when mixed with manure or plowed under with 
clover or green rye, has given excellent results {Fig. 148, p- 198. 
See Rock Phosphate, index). Bamc sh^ is especially good to 
use on clays, but in most sections of the United States it is 
not obtainable. 

Many clays are red in color, due lai^ly to the presence of 
iron compounds. Frequently this iron makes the phosphorus 
unavailable. On some of these soils acid phosphate is rendered 
entirely ineffective within a year or two after it is applied. The 
application of agricultural lime is an effective remedy. 

Erosion.— Because of their location or topography, many 
clay soils are particularly subject to washing, or erosion. The 
cultivation of these lands greatly increases their tendency to wash. 
In most cases it is best to keep such lands in grass. When some 
of the more gentle slopes are brought under cultivation, plowii^ 
should be done at right angles to the slopes. Often it is advisable 
to terrace a slope or leave open dead furrows in such a way as to 
enable the surfacewater to run off by following more gentle inclines. 

Deep fall plowing and subsoiling also aid in preventing erosion 
(see index). A further discussion rA erosion may be found in 
Chapter XXIII. 

Other Points on Clay Management — Clearing clay lands of 
underbrush, small stumps and dead timber is not, as a rule, a 
very expensive process. Removing stumps by combining the use 
of dynamite and the stump puller seems to be the most economical 
method. It is much easier to blast out stumps when the ground is 
moist or wet and when they are given a few years to rot after the 
timber is cut. 
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When cleared of tunber and brush it is advisable to get clovef 
started as soon as posdble, not merely to provide pasturage and hay, 
but to help in oontrolling the weeds and to improve the scul. A 
spring-tooth harrow or a disk is heljrful in getting the c\ov& seeded. 

Plowing.— It requires a good plow to turn heavy clays well. 
In some sections the disk plow is Uie best to use. Fall idowing is 
usually advisable. Subsoiliug to de^ien the seed bed and to create 
a more open subaoil is sometimes practiced. Dynamite is also 
used at times to open the subscnl so as to facilitate the entrance of 
aJT, water and roots. It is best to do either sube(»ling or dyna- 
miting when the ground is sufficiently dry to prevent puddling 
(Chapter X). 

Crops for Heavy Clays. — Because of their 6ne texture, clays 
are especially well adapted to crops having fine and fibrous roots, 
such as red-top, timothy, etc. 

Crop adaptation to heavy clays may be summarized as follows: 

Crops Wdl Adapted Crops Which Can Be Crops Not AdapUd 

to Claya Qraion Siicces^-aily to Clays 

Red-top Sweet clover Barley Vegetables 

Timothy Wheat Com Truck crops 

Clover Oats Potatoes Sugar boeta 

Field peas Rye Rutabagas 

Turnips 
Rotations and Types of Faming. — ^Much depends upon a 
good system of croppii^ to increase the productive power of 
clays. The followii^ are good rotations for dairy farms: 

A — 1. Corn (manured), 2, Grain (seeded to clover and timo- 
thy). 3. Clover. 4. Pasture or mixed hay. 

B^l. Wheat (seeded to sweet clover to plow under). 2. Com 
(manured). 3. Oats (seeded to clover). 4. Clover. 

When the oats are seeded to a mixture of grasses this may be 
made a five-year rotation with pasture the fifth year. 

C— 1. Wheat (.leeded to clover); (fertilized). 2. Clover. 3. 
Com (properly fertilized). 4. Peas (peas for sale as seed). 

D— 1. Small grain (seeded to mixed grasses), 2. Clover. 3, 
Mixed hay or pasture. 4, Peas (cash crop) . 5. A cultivated crop. 
For grain-farmii^, the following rotation is well adapted : 
E — 1. Spring wheat (seeded to clover and timothy) . 2. Clover 
(cut for seed). 3. Mixed hay. 4. Peas (for sale as seed). 

lUPBOVBHENT OF DEPLETED SIUT LOAHB 

Depleted silt loams are common particularly in the Elestem 
and Central states. They are the result of too severe cropping, 
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with little or no attention given to the maintenance of their fer- 
tility. As a rule, these soils are low in organic matter and nitrogen, 
they are commonly acid, and are in need of available phosphorus. 
Liming is usually the first step to be considered in their improve- 
ment, the object being, mainly, to improve the conditions for grow- 
ing clover and other legumes. Plowing under legumes b recognized 
as the beet method to increase the oi^anic matter and nitrogen. 
Manure, when available, generally gives good returns when 
applied to the clover fields. Liberal applications of soluble phos- 
phates should be made to the grain and cultivated crops. Acid 
phosphate is generally considered the best phosf^ate fertilizer to 
use in beginning soil improvement. Later on, when improvements 
shall have been well advanced, rock phosphate may take the place 
of the acid phosphate- A short rotation including clover is also 
an important factor to be considered in the regeneration of these 
soils (Chapters XII, XIII, XV). 

Field Stndies. — 1. Select a run-down farm and make careful observations 
as regards general appearance, weeds, character of crop growth., and soil 
conditioos. Suggest remedies. 

Home Projects. — Select three acres of depleted silt loam, or an aero, and 
divide into three equal portions. Fertilise properly. Establish ft three-year 
rotation, com, grain and clover. Flow under the first crap of clover, and always 
the second growth. Students may continue the rotation for at lea^ six years, 
and note soil improvement. 

Other rotations suited may be substituted, or may be conducted in addi- 
tion ia the one suggested. 

QUESTIONS 

1. Compare clay soils with sands in their workability and texture. What 

is "gumbo ? 

2. Name the special problems in the management of clays. State briefly 

their solutions. 

3. Discuss drainage in relation to clay management: (a) benefits; (6) 

meiJiodB; (c) depth of tile, fall, "blinding," distance apart to lay lines 
of tile. 

4. Discuss tilth in relation to clay management. 

5. How may the or^nic matter and nitrogen in clay soils be increased? 

6. What special fcrtiUzcr do clays commonly require? What ia the relation 

of lime to fertilizer needs on some claysr 

7. What is erosion and how does it affect clay lands? Name some means 

of i)revcntion. 
8. ' Describe a good method for clearing stumpy olftv lands. 
9. Name crops that are particularly adapted to clay soils. Crops that can 

be grown succesafmly on good mana^iement. What crops are not 

adapted to clays? Why? 

10. Name two good rotations for dairy-farmii^ on clay land. A rotation for 

grain-farming. 

11. Discuss the improvement of depleted silt loams. 

12. What crops have you observed growing on vey heavy clay soils? 

13. See outline summary of this chapter in t^le of contents. 
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CHAPTER XX 
FARM BIAWAGEMENT AND CROP ROTATION 

Soil Problems Aie Prominent in Farm Management. — ^The 
moat successful system of farming is that which gives the largest 
profit, increases soil fertiUty, and brii^ to the fanner and hia 
family the largest amount of happiness. Successful fsnn manage- 
ment presents many problems, the most important of which con- 
cerns the growing of suitable crops, the adaptation of crops to soil, 
the care of the soil and crops, the disposition made of the crops, and 
the cUstribution and use of labor. The problems involving soil 
relations are usually of fundamental importance and thus are 
^veu special attention. Indeed, it b self-evident that productive 
soil is the bads of profitable f armii^. 

The old style of farmiDg has been largely the one-crop system — 
a system which has generally led to soil depletion. Modem agri- 
culture and scientific farming demands the growing of several 
crops, chiefly because of its beneficial effects on soil fertility. Thus 
diversified farming has become of national importance. 

Advantages in lowing Different Crops. — There are several 
advantages to be gained in growing different lands of crops, 
important of which are: (a) It economizes in the use of labor; 
(&) a more dependable income is assured; (c) it permits of 
crop rotation. 

Different kinds of crops necessarily require different planting 
and harvest tunes. The labor required to care for the crops is ex- 
tended more uniformly over a longer period than when just one crop 
is grown. Moreover, a diversity of crops encourages the keeping 
of more livestock, the care of which utilizes labor, especially 
dining winter months. 

The growing of one crop means just one source of farm income, 
and that is rather uncertain' at times. The growing of several 
crops provides a more dependable income. When the weather is 
bad or prices low for one crop, the conditions or prices are usually 
favorable for some other crop. To establish more than one source 
of income is good buaness. 

It is self-evident that rotation is made possible only when 
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two or more difFerent crops are grown. The importance of rotation 
in farm management and its application are fully discussed in 
the following paragraphs. 

Rotation an Essential Factor in Fann Management — Crop 
rotation is a most essential factor in successful farm management, 
because it aids materially in increasing and Tnaint ft'nin g soil 
fertility, in systematizing farm operations, and in solving certain 
otb&t soil and crop problems. The relation of rotation to soil 
fertility has been fully discussed in Chapter XV. 

Rotation impUes system. The adoption of definite crot^ing 
plans is the beginning of systematic farming, affectii^ not only the 
growing of crops, but field management and the use of labor as well. 

Problems concerning the adaptation of crops to certain fields, 
the effect of one crop on another, soil renovation, the management 
of special soils, etc., are best solved through crop rotation. 

Rotation fai Practice. — In establishing a fixed rotation, it is 
necessary to divide the farm into uniform fields or units on i^ch 
are grown the different crops. E^ach year the crop on each field or 
unit is changed according to the adopted plan. For example: 
A certmn farm conasts of 100 acres, sixty acres of which are under 
cultivation and are divided into three twenty-acre fields; the 
remaining forty acres includes permanent pasture, orchard, yard, 
garden, etc. The fanner wishes to grow annually twenty acres, 
each, of com, oats and clover; thus a three-year rotation is planned 
as follows: 





Field I 


Field II 


Field III 


Year 1 


Com 
Oata 

Clover 


Oats 

Clover 

Con. 


Clover 




Gate 







This is the simplest conception of a practical rotation. Com- 
paratively few farms, however, lend themselves to such a simple 
arrangement because of certain conditions or factors which 
present themselves. Usually two or more different rotations are 
necessary on each farm. 

Factors Which Determine Kinds of Rotations. — The rotations 
best suited to any particular farm are determined by — 
(a) The feeding requirements of the stock kept. 
(6) The kind and amount of cash crops grown. 
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(c) The ineome to be derived. 

(d) The profitable tUstribution of labor. 

(e) The topogrtqthy of tJie farm. 
(/) Soil ooDditKHis. 

In fiock fanning, the feeding requirements detraroirke in a large 
measure the kind and amount of aope to be grown; and this 
must necessarily vary with different types of stock farming. 
Besides growing the crops required for feed, meet fannas grow 
additional cash crope, such as wheat, barley, tobacco, sugar beets, 
cabbage, etc. This usually complicates the general crc^^iing plans. 
Usually the growing of alfalfa also causes irregularities in the rota- 
tions.^ Rotations on grain farms may be differoit diart those on 
stock farms; and the systems of cropping in truck fanning are 
quite unlike all others. Moreover, rotations in one sectioo of 
tiie country differ frtun those of auotb^, because of dignmila r 



special importance in determining rotations, especially in grain- 
farming and in the growing of truck crops, since the object upper- 
most in the mind of most farmers is not soil improvement, but the 
makii^ of money. These two endeavors, however, can be happily 
combined. It is mudi easier to plan rotations and arrange fields 
on land that is level or slightly rolling than on a hilly farm. Many 
farms have hillsides which must necessarily be cropped in a 
(Ufferent manner than the more level portions in order to control 
soil erosion. 

Sml amdiHoTis most frequently affect the rotations. For 
example, many soils are strongly acid, which condition is unfavor- 
able for certain crops (Chapter XIII) . Peat and muck soils, sands 
and heavy clays require special attention with respect to cropping. 
A field of depleted silt loam should not be included in rotation 
plans designed for highly productive fields. 

Procedure in Planning Rotations. — ^Rotations on many farms 
can be planned and carried out with little or no diflSculty. On 
old farms, it is not always easy to establish fixed or definite rota- 
tions. Usually it becomes necessary to reorganize the whole farm. 

' When a farmer succeeds in getting a good field of alfalfa he usually 
leaves it in alfalfa so hag as it produces profitable crops. A rotation including 
alfalfa is always longer and usually more irregular tnan a rotation in whion 
clover is grown as t£e principal tegume. 
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Id doing this it is important to keep in mind the entire businees 
of any particular farm so that whatever rotations are adopted 
they will not disturb in any great degree the type of farming 
ab«ady established, miless the farming business itself is radically 
changed. Moreover, in reorganizing any farm, two or three years 
may be required before the revised cropping plans can be fully 
adopted, because existmg conditions must be considered, as regards 
pasture, hay fields, size and arrangement of fields, drainf^e, etc. 

Bearing in mind all the determining factors, the procedure 
in planning rotations for any particular farm may best be started 
in the form of problems, or cases, as follows: 

Case A. — ^A stock fann already stocked. 

1. First determine the amount of grain, com and hay, etc., 
neeessary to meet the feedii^ requirements. 

2. Determine the averse yields on the farm. 

3. Determine the acreage necessary to produce the required 
crope for feed. 

4. Make a map of tiie farm just as it is with fields showing 
acres in each. 

5. Number the fields in some convenient way. 

6. Consider the rotations best suited to soil conditions or types 
of soil in each field or on various portions of the farm 

7. Plan to grow each year the required amoimts of the dif- 
ferent crops. 

8. Rearrange the fields if necessary to simplify the cropping 
plans and to aid m general field management. 

Case B.— A farm designed for stock but not yet stocked. 

1. Determine the kinds of stock to be kept. 

2. Determine the acreage available for growing crops (includ- 
ing pasture). 

3. Ascertain the averse yields of the crops to be grown. 

4. Estimate the amount of stock that can be conveniently kept. 

5. Determine definitely the acreage necessary to grow the 
crops required for feed, 

6. Proceed as in Case A, point 4. 

Case C. — ^A grain faim, with soil problems. 

1. Make a map of the farm; show fields, acreage, and indicate 
soil problems and conditions. 

2. Determine crops to be grown. 

3. Plan rotations beat for special soils, to improve poor soils 
in certain fields, and to best meet other soil conditions. 
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4. Rearrange the fields or combine small fields into lai^er tmite, 
whenever possible, to facilitate farm management. (When no 
special soil problems or conditions are to be met, the fields may be 
rearranged at once and the proper rotations adopted.) 

Case D. — ^Rotations in truck fanning, with soil problems. — 
Proceed as in Case C. 

Cnqi Rotation Chart. — In planning rotations on farms havii^ 
soil and crop problems which must necessarily complicate the 
croppir^ plans, a rotation chart is of great help. For example, the 
cropped portion of a farm, excluding permanent pasture, consists 
of sixty acres, which are divided into six ten-acre imits. Twenty 
acres each of com, oats and hay (ten of alfalfa) are to be 
grown annually. 

lilelds I and IV are especially well adapted to alfalfa. 

Helds II, III and VI require improvement, hence a three-year 
rotation is planned for each of these three fields (p. 273). 

Fields IV and V, and also I, are highly productive and hence 
can well take care of irr^ularities in the croppii^ plans, as is shown 
in the following outline: 

A Rotation Chart 



Y««r 


Field I 


Field II 


Field III 


FieU IV 


FleldV 


Field VI 




Alfalfa 


Date 


Com 


Data 


Com 


Clover 






(seeded) 


(on 8od) 


(seeded 




(Top. 






(fertilised) 


(manured) 


with mam- 
moth 
clover) 
Com 




dressed 

with 




Alfalfa 


Clover 


Oats 


Gate 


Com 








(seeded) 




(seeded to 


(manure) 








(acid 




Tnammnth 


(acid 








phosphate) 




clover) 


phosphate) 




Alfalfa 


Com 


Clover 


Oate 


Com 


Data 






(fertiliMd) 


(light 
dreBBintt 

manure) 


(seeded 
to 


(manured) 


(seeded) 
(acid 








alfalfa) 




*«??' 




Com 


Gate 


Com 


Alfalfa 


OaU 






(seeded) 






(seeded to 


(Top- 






(acid 


(acid 






dressing of 








phosphate) 




clover; 

rock 

phosphate) 


manure) 
















Oata 


Clover 


Oftta 


Alfalfa 


Com 


Com 






(Top- 


(seeded) 




(manured) 


(acid 






di^saed 


(acid 






phosphate) 






with 


phosphate) 
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V^pIicatioQ and Ulustrations. — ^A few typical illustrations are 
here given in the form of problems to show how rotations may be 
established and how certain soil and crop problems can best be 
solved through rotation. 



/3l 


(Z) 


J 


w acres 


/oac/m 


f 


Oarsfseetfaf/ 


Timothy and 
C/oi/er 


40 crcres \ 




PasWre \ 


/o oc/vs 


In 
e acres 


Timothy 


Corn 


Cl^iiiJ^ 




(£} 




fo acres 


y~^ 




Corn 


(Pasture 




{61 




/o acres 
0ors(3eec^j 


B/ags^ 

OrchanJ 
Gar£jen 


\ 



Fia. SIS. — Conditioni w 



Lfl first caiwdercd. 



Pro6i«m /. — ^Plan a fixed rotation for a dairy farm which ia 
already stocked. 

Size of farm — 120 acres, all silt loam. 

Com, oats and clover are to be grown. 

About 100 to 125 tons of silage, about 500 bushels of com, at 
least thirty tons of clover, and about 800 to 1,000 bushels of oats 
are necessary to meet the feeding requirements. 
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Com yields at the rate of ten to eleven' tons of silage per acre, 
or fifty to sixty bushels of com; oate average about forty bushels, 
' and clover about one and three-quarters ton per acre. 

To meet the feeding requirements, at least twenty acres of 



10 acres 


/o acres 


/ 


C/over 


Corn 


40 acres \ 

Permanent f — " — 
Pasture \ 






wocres 


/o acres 


\ 


Corn 


Oofj(3eecfedj 


c2££!L:i^ 


/O acres 




Dratr/i fo Scff/e /'^^OrOs 


0ats(3eeckd} 






/o acres 




C/over 


OrcAar^ 
Gafden 


\ 



Tsa. 2K,—CtOKaiiK plani tiie Hoond yuu after pbaniDB. 

each crop must be grown. Fifty-eight acres are now under cultiva- 
tion. Figure 215 shows the arrangement of the farm when rota- 
tion was first considered. 

The important soil problems are (a) a lack of available phos- 
phorus, and (6) a comparatively low supply of nitr(^en and 
organic matter. 

In order to work towards a fixed rotation without disturbing 
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the fanning businees, the eecond year the fields were cropped as is 
, shown m Figure 216. Note that the timothy sods were plowed up 
and field number one was made two acres larger. 

The third year the fields were rearranged as b shown in lilgure 
217 — a fixed three-year rotation being established. 

The rotation planned and soil improvements to be made are 
indicated in the following rotation chart: 

Bokitvm Chart for Prohlem 1 



Oata (seeded) (200 
Ibe. acid phosphate) 



Com (manure + 
1000 Ibe. rock phos- 
phate per acre) 



Com (manured; 400 
lbs add phosphate 

ler acre) 
Of.ts : jeeded) (200 
Ibt. acid pho^thate) 



Oata (seeded) (20(T 
lbs. acid phosphate) 



Com (manure + 400 
)bs. acid phosphate 

per acre) 
Oata (seeded) (200 
lbs. acid phosphate 

- re) 



per a. , 
Clover 



Prci>lem II. — Plan definite croppii^ plans for an eighty-acre 
farm which is intended for dairying. 

Just seventy-four acres are available for raisii^ the main crops 
— hay, grain and com. 

Yields of crops would support, at the start, at least fifteen cows, 
a few young stock, four horses and some pigs. 

Summer feeding to be silage, soiling crops, grain and whatever 
pasturage may become available, liie farmer expects to buy 
whatever additional feeds are required. 

Twelve acres of alfalfa, twelve to thirteen acres of clover, 
twenty-four to twenty-five acres of com, and twenty^^our to 
twenty-five acres of grain are to be grown annually. 

Figure 218 shows the existing conditions as regards the fields, 
permanent fences, hay fields, etc. 

The farm consists entirely of ^t loam. Fields numbers two 
and three are especially well adapted to alfalfa. Field four (a) is 
the poorest field. 
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3 


-ft? acres ( 


zaac/vs 
Corn 


Oafs seeOet/ 


Fer/n£f/7enf J 
Posfi/re f 


I 

20 OC/T?S 




Pasture 
6 acres 




^ay 


\l . 

B/dos\ 
Orchanfs 
6onfe/t 


\ 





C)m Corn 


/£ acres 

(2) 

Oan (seeded) 


/J acres 

(4a) 
C/overa/x/ 7/mo^/ 

/3 acres 
r^-d) 
OaAs (seeded) 


/a acres 

(3) 

J?/fa/fa 


Mme fffffTT \ ■Soifma 



ho. 318.— Gkfv rolkticn ta an id^tv-aon lum. (Probleiii IL) 
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Because of the twelve acres of alfalfa the farm must necessarily 
be divided into six units of twelve and thirteen acres each. 

The following rotation chart shows the fin^ cropping plans 
and fertilizer treatmenta for this farm. 

fiofatom Chart for ProbUm II 



«r 


n«id I («) 


Field I (b) 


Field 11 


Meld lit 


ndd IV (a) 


Field IV m 




(12 Kri) 


(12 w™) 


(12«r«) 


(12.<™) 


(13*ci^) 


(13 u»^) 


1.... 


Com 


Com 


Oate 


AlfaUa 


aover 


Oote 






(manured) 


(seeded to 

clover to 

plow 
under) 




and 
timothy 


(seeded) 


2.... 


Oats 


Oate 


Com 


Alfalfa 


Com 


Clover 




(seeded) 


(seeded to 

clover) 


(manure + 
phosphate) 




(manure + 

acid phos- 
phate or 
bone meal) 




3... 


Clover 


Com 


Barley 
(seeded to 


Alfalfa 


Oate 


Com 






(manured) 




(seeded) 


(manure + 








alfalfa) 




(soluble 
phosphate) 


phosphate) 


4.... 


Com 
(manured) 


Oate 


Alfalfa 


Com 
(manured) 


Clover 


Oate 

(seeded) 


5... 


Oate 


Com 


Alfalfa 


Oats 


Com 


Clover 




(seeded) 


(manured) 




(seeded to 
clover) 


(manured) 

(acid phos- 
phate) 





Problem III. — ^Plan a system of cropping on an e^ty-acre 
grain farm in Arkansas, on which are to be grown cotton, com, 
cowpeas and oats as the main crops. Sufficient pasture is to be 
provided for the horses and mules and for a few head of cattle. 
As many hogs are to be kept as conditions well permit. 

Soil problems to be met are, drainage and deficiency of oi^anic 
matter and phosphorus. 

F^ure 219 illustrates the conditions before reoi^anization. 

F^ure 220 shows how the farm was remapped. The drainage , 
problem was easily solved by tiling. 

The f oUowing four-year rotation was adopted : 

1 — (Itotton followed by a winter cover crop, such as winter grain, crimeon 
clover and bur clover, plowed under. 

2— Cowpeas, planted in May and harvested in Ausust. 

3— -Oate or wheat. {Followed by cowpeas, plowed under). 

4 — Cora {The com may be interplanted with cowpeas, soybeans or 
velvet beans, which will furnish hog fe^ and also serve as a green manuring 
crop for next year's cotton. 
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The cowpeas, velvet beans or eoybeans planted in the com 
may be used to fatten hc^. 



/ 2 acres / i 

/ f 
<:om/7 I *^ 



PasWre 




Corn 



Brush 
a/jcf 



7?ee 



aroiv/A 



rguiHd. (See Fig. 330.) 



The land surrounding the buildii^-lot and garden may be used 
for the growing of some sweet potatoes, and for hog pasture. The 



/ 

/s acre's 

Coi^fleas 


/£ £rcres 
Cotton 


/£. acres 
Oats 


20 acres 
Wood 
and 

Pa^sti/re 


z 
iz acres 


Hoy 
Pasture 


Pasture 






iZCh' 



Fia. 220.— The lUne farm drKiuli»*iJ. 

three acres for hog pasture may be divided into three one-acre 
fields and cropped to different crops for successive pasturing. Oats 
and rye may constitute early pasture, clover for later pasture and 
soybeans or velvet beans later on. 
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The plan of rotation and fertilization for this farm is sum- 
marized in the following rotation chart : 



JMaiim. Chart for Problem III 



(12 an 



Cotton (500 
lbs. acid phoa- 
phate + 800 
lbs. cotton-seed 

meftl) 
Cowpeaa 



Cotton (500 
lbs. acid phos- 
phate + 600 
1d3. cotton-seed 

CowpeaB 



Com (500 IbB. 
acid phosphate 



Cotton (800 
lbs. acid phoB- 
phat« + 600 
lbs, cotton-eeed 
meal per acre) 
Cowpeafi 



Oats (followed 

by cowpeaa to 
be plowed un- 
der) 



Cotton (phos- 
phate femlizer) 



Com (manure 
-I- 500 lbs. acid 
phosphate per 

Cotton (500 
Ibe. acid phos- 
phate + flOO 
lbs. cotton-seed 
meal per acre) 
Cowpeae 



Oata (followed 
by cowpeaa) 



Probkm IV. — Sometimes it becomes necessary to produce much 
more hay than either com or grain. This does not necessarily 
mean that a definite rotation is not possible. For example, on a 
certain farm 125 acres are under cultivation, and 115 acres are 
permanent pasture. The farmer wishes to raise each year in rota- 
tion twenty-five acres of oats, thirty-five acres of com and sixty 
acres of hay. 

One hundred twenty acres may be laid out into three forty-acre 
fields, and each field cropped as is shown in Figure 221. 

Problem V. — Plan a system of cropping on a 160-acre farm 
in Wisconsin, which consists of twenty acres of drained peat, 
twenty acres of fine sand, twenty acres of permanent pasture, and 
the remaining portion of the farm consists of silt loam. All soils 
are sufficiently supplied with lime. 

The following crops are to be grown : Forty acres of com, about 
thirty acres of hay (about ten of alfalfa), thirty to thirty-five acres 
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of gTBin, twenty acres of paature in rotation, four acres of bi^bj 
beets, and four acres of cabbage. 

Figure 222 shows the oi^anization of the farm into eight fields 
of nineteen and twenty acres each, except field VII, which contains 
sixteen acres. 

The plan of cropping is shown in the accompanying rota- 
tion chart: 

Bolaimn Chart for Problem ¥ 





Field 


Field 


Fidd 


Field 


Field 


Field 
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S: 
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Note the cropping plan on the sand field, on the peat soil and 
on field VII. Fields VI and IV are the two best fields on which 
to grow alfalfa. 

Manure is judiciously used. Some commercial fertilizers are 
used on the sand field. Potash and acid phosphate are applied 
to the peat soil. Both acid phosphate and rock phosphate are 
used to reinforce the manure used on the silt loam. 

Rape is sown in the com on the peat for pasturage and for 
soil improvement. 

OUier Points on Rotation. — In cropping hillsides, care should 
be given to lessen erosion. Such fields should be kept in grass as 
much as possible. 

In growing alfalfa, it is often convenient to divide a portion of 
the farm into strips or units and on each strip practice a five-year 
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Field I Field E Field M 



Year 1 • 


Corn 
(3S acres) 


Oats (seeded) 
(25 acres) 


Closer 

and 

timothy 




Peas and oats 
(10 acres) 










Oats (seeded) 
(25 acres) 


Clover 

and 
timothy 


Peas and oats 


Year 2 • 


Corn 
fj5 acres) 




Peas and oats 




Clover 
and 

timothy 

Timothv and clover 


Peas and' oafs 


Clover and fimotf'y 


Year J - 


Corn 
(35 acres) 


Peas and oats 
{'P. P^ff^J. 

Oats(seeded) 
(25 acres) 






rotation: for example, a thirty-acre field may be divided into five 
six-acre strips and cropped as follows: 

itofa/ton Charl for Alfalfa 



Strip 


Y»ti 


Y«r2 


Y«r3 


Y»r4 


Y«r5 


Y«»6 


I 


Alfalfa 


Com 


Grain 


Alfalfa 


Alfalfa 


Alfalfa 
















III 


Alfalfa 


Alfalfa 


Alfalfa 


Com 


Grain 


Alfalfa 


IV 


Grain 
(seeded to 

alfalfa) 


Alfalfa 


Alfalfa 


Alfalfa 


Com 


Grain 






Gmin 








Com 



When clover fails, a suitable legume should be sown in place 
of it, such as soybeans. Often oats or oats and peas are sown for 
hay when the clover kills out. If in problem V, for example, the 
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ut 



clover oh field HI should Mil out, tKe first year, the field could 
be seeded to oats or oats and peas for hay. The oats should be 
seeded to clover and timothy to provide pasture the following year. 
Suppose further, the clover on field I should winter-kill the second 




(5) 

20 acres 
(Peat) 
Corn 



20 acres 
Pasture 



19 acres 
Clover 



(6) 
Alfalfa 19 acres 
Oats 



(2) 

20 acres 
Corn 



4 acres Sugar beets 
4- acres Grain 



BIdy's 
etc. 



0) 

20 acres (sand) 
Rye 



Fin. 222. — Rotationa tii«etln« itvcmil proUeni*. 

s could be sown for hay, and corn planted on the 
field the third year as it is planned. 

Summary. — Crop rotation is possible on any farm. It should 
be the first duty of a farmer to adopt definite croppii^ and fertil- 
izing plans for his land. It matters not where the farm, there are 
adaptable legumes that can be grown in the rotation not only for 
forage and seed, but for soil improvement as well. Systematic 
farming has its beginning in systematic crop rotation. 
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Field Study. — Study some particular farm having eoU and crop problems, 
and suggest proper rotatioiia. 

Home Projects. — Each of the rotations given in this chapter may be 
used as the basis for starting good home projects. Vary them to SHJt 
local conditions. 

Honning FanuB, — Farms of the region should be drawn to show the plans 
of the fields and the rotations. After the foregoing studies have been made 
many suggestions for the improvement of the rotations may be made. 

QUESTIONS 

1. Name some of the [Ht^lems which present themselves in farm 

management? 

2. Discuss the importance of the problems involving soil relations. 

3. What is meant Dy diversified fanning? 

4. Discuss the advantages in growing different crops. 

5. Discuss the importance of crop rotation in farm management. 

6. Explan briefly how crop rotation is practiced on the farm. 

7. Can this be sunply done on all farms? 

8. Name the factom which determine the rotations best suited to any par- 

ticular farm. Discuss each point. 

9. Under what conditions is it best to allow two or three yeara before definite 

rotations can be fully adopted? 

10. How is it best to proceed in planning rotations for a farm already stocked? 

11. For a farm intended, for stock but not yet stocked? 

12. For a grain farm? 

13. In trudc farming? 

14. Discuss the advantages of a rotation chart. Ulustrate. 

15. Explain the solution to Problem 1. Go to the blackboard. 

16. Explain the rotation system in Problem II, 

17. Explain the reorganisation and cropping plans in Problem III. 

18. Explain the rotation principle involved ur Problem III. 

19. In Problem V, extend the rotation chart over the seventh, eighth, ninth 

and tenth yeara. 

20. Suppose in the third year all the clover and alfalfa should winter-kill, 

wnat can be done to meet the situation? 

21. E:q>lain a scheme for growiiw alfalfa in rotation. 

22. Plfui rotations for a farm wil£ which you are familiar. 
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CHAPTER XXI 

SYSTEMS OF FARMING AND THEIR RELATION TO 
SOIL FERTILITY 

The important problem in agriculture concerns the main- 
tenance of soil fertility which, in & large measure, determines the 
future welfare of a state or & nation. Good farming is conmionly 
regarded as the proper method wherein soil fertility may be main- 
tained, or permanent agriculture established. Does good farming 
necessarily mean stock farming? 

Systen^ of Fanning. — Three main systems of farming are 
recognized, namely: (a) grain farming; (b) stock farming, and 
(c) truck farming. Aside from these there arc combinations 
of two or all three systems. The first two systems are the 
most common. 

Grain farming, in its strict sense, may be defined as that 
system of farming in which crops are raised and sold off the farm. 
Crops include com, small grains, cotton, seeds, etc. 

Stock farming consists in the raising of stock. The crops grown 
are fed on the farm. The sources of income are stock and animal 
products (Fig. 223). 

GRAIN FARMING VS. STOCK FARMING 

Grain Fanning Is bnportant^A large percentage of the 
farmers in the United States are grain farmers. Many have found 
it more profitable than stock raising. A well-balanced national 
agriculture demands that a lai^e portion of the farmers be grain 
growers, because grains constitute the great source of human foods. 
This fact is emphasized the more in densely populated countries, 
as in China.' Furthermore, many more people can be fed on the 
grain that can be grown on an acre, for example, than on the 
animal products that may be produced when the grain is fed to 
livestock.^ It follows, therefore, that the greater the density 

'Farmers of Forty Centuries, by King. 

'It has been roughly estimated that twenty-four per cent of grain is 
recovered for human food in pork, about eighteen per cent in milk, and only 
about three and five-tentha per cent in beef and mutton. Science, Vd. 
XLVI., No. 1181, page 160. 

An acre of wheat yielding twenty bushels will furnish more than thirteen 
times as much energy as an acre devoted to beef production. — U. S. Fanners' 
Bulletin, 877. 
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of population of a country the greater the necessity for 
gndn production. 

Qxein Fanning Has Led to Soil Depletion. — It is common 
knowledge that wherever grain farming has been practiced ext«n- 
sively in the United States soils have become rapidly depleted. 
The growing of wheat in the pioneer days ie a good example. It 
is for this reason that grain farming is commonly r^arded as a 
soil-robbing or "soil-mining" enterprise. 



Fio. 223. — Stook f&rminc is populmr. It puta lite ioto tannins. 

Grain Fanning Revised. — Fortunately, the relation of crop 
production to soil fertility is now better understood, so that it is 
possible for a grain farmer to realize a profit and at the same time 
maintain, and actually increase, the fertility of his soil. 

The old system of grain farming consisted in the growing of 
one kind of grain after another, or growing the same crop continu- 
ously. No effort was made to restore any of the plant-food ele- 
ments removed by the crops. The straw was burned because it 
was considered of no value, not even as a fertilizer. 

Scientific research and good farming methods have taught 
that on most soils the nitn^en and organic matter may be main- 
tained and increased by practicing a proper rotation including a 
legume as a green manuring crop, or including both a green 
manurii^ crop and another legume as a cash crop. The phos- 
phorus supply may be maintained by using phosphate fertiUzers. 
The potassium is ^ven little consideration because most of the 
heavier soils are abundantly supplied with this element. Wheo- 
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ever potassium is deficient, potash fertilizers may be used. More- 
over, scientific grain farming demands that all stalks and straw 
be returned to the soil. In this manner the draft on the soil supply 
of potassium is greatly lessened. 

An Ohio Trial in Grain Farming,— At the Ohio Station 
the following system of grain farming has been under test for 
e^t years: 

Year 1 — Cora (400 pounds add phosphate per acre; etalks left on field). 

Year 2 — SoybeaDB for Bale as Bseii (straw returned to the land). 

Year 3 — Wheat {300 paimda acid phoejihate per acre; straw returned 
to land, mostly for corn; wheat seeded to clover). 

Year 4— -Clover (plowed under for soil improvement, or first crop cut 
and left on ground and second crop cut for seed). 

This test is on acid soil limed with pulverized limestone. 

This system thus far has resulted in an increase of com from 

49.6 bushels as the average for the firet two years (1910-1911), 
to 63.5 bushels as an average yield for the seventh and eighth 
years. The yield of wheat, likewise, was increased from 29.5 to 

32.7 bushels. 

Stock Fanning Popular. — Stock raising is commonly regarded 
as the best system of farming. Grain growers are usually advised 
to become stockmen. It is certain that alt farmers cannot be live- 
stock farmers in the strict sense, because meat and other animal 
products can never take the place that grains do in human feeding. 

It is generally beUeved that stock farmii^ is the solution of 
the soil fertility problem. This, however, is not an established 
fact. It is true, nevertheleee, that crop yields are usually better 
on stock farms than on grain farms — considering the ways in which 
these two systems of farming are ordinarily carried on. This is 
because the production of manure in the care of stock has made it 
possible for the stock farmer to fertiUze his land whether he 
believed in soil enrichment or not. 

Maintaining Fertility by Live-stock Not Probable. — Accord- 
ing to the thirteenth census there is in the United States the eqivar 
lent of one animal of the horse or cattle kind ' to furnish manure 
for the maintenance of the fertility of 9.07 acres {farm lands, only, 
considered). One cow at best can, on an average, take care of 
about two acres a year — considering a three-year rotation 
of com, grain and clover. Under these conditions soil fertility in a 
national sense cannot be maintained without the aid of other fertil- 

' When t«n sheep or t«n hog? are regarded eouivalent to one horse or one 
WW fer fertility mamtenance.— Ohio Station Bulletin 328, Idlg, 
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izing materials. On only a comparatively few stock farms is there 
sufficient manure produced by the feeding of the crops raised to 
permit the application of about fourteen or sixteen tons of manure 
per acre once in three or even four years on all the cultivated fields. 
Even when this is done unavoidable losses occur, especially of 
phosphorus, which compels recourse to outside sources, particu- 
larly the mineral commercial fertilizers. 

Grain Fanniiig and Stock Fanning Compared. — ParaUel to 
the system of grain farming already mentioned, the Ohio Station 
is running a system of stock farming in which the same amounts 
of acid phosphate and limestone are used and the same crops are 
raised. All the crops, except the wheat and whatever clover seed 
is produced, are either fed to livestock or passed into the manure 
as bedding.^ The manure made each year is applied to the com 
land. These two tests occupy nine acres which are divided into 
two parts — one-half of which is farmed in livestock and the other 
in grain farming. The experiment is so planned that each crop is 
grown every year. The animals are kept in a large bos stall, 
heavily bedded on a cement floor under cover, so that ail manure, 
both solid and liquid, is saved and applied to the land in 
the spring. 

The results for the first eight years are given in the table. 
Grain FarTmti^ vs. Slock Farming in Maintaining Soil Fertility 





Aveiue Yields per Acre 
LnOrain Farming 


"^n^toii F»«nfng°" 


Grwn 


Hsj. Stover 


Grain 


H»y, Stover 
or Straw 


Corn 

Soybeans.. 
Wheat.. .. 
Ckver.. . 


Bu. 

68.6 
19.0 

28.7 
Not| 


None harvested 
0.87 
1,32 
[athered 


64.6 
21,9 
32.4 


Ton. 
1.55 
1,00 
1.55 
2.23 



Relative profits were not discussed, since these tests are not 
concluded. The amount of labor and equipment required in these 
two systems of farming are important factors to be considered in 
determining net profits. 

At the Illinois Station similar tests have been carried on since 
1902.^ The crops grown in rotation, soil treatment and yields 
are given in the next table. 
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Grain Farming vs. Stock F(atnm t» Maivimning Fertility 




Soil Treatment 


"**iw£"io77*"' 


7-y»r 
sversgB 


8-ye.r 




Corn 


Cm 


Clove, 


Wheat 


A]f*lf> 




52.6 

72.0 

73.7 
20.3 


49.3 

67.2 

66.8 
17.7 


Tow 

1.97 

2.30 

3.07 
0.72 


21.9 

42.5 

40.1 
19.4 


Torn 


Residue,* lime, phosphate 
Grain fanning 

Manure, lime, phosphate 
Stock fanning 

Increaae in good fanning 


3.56 

3.58 
1.24 



Lime. — Apphcation of 250 pounds air-elakcd lime per acre in 1902; 600 
pounds pulvenzed limeatone per acre in 1903; beginning with 1911, pulverized 
Umeatone is added at the average rate of two tons per acre every four yeare. 

Manure is applied at the rate of one ton for every ton of produce. 

Phoephate. — 200 pounds of bone meal were apphed to the acre annually 
up to 1908, then plot wae divided and one-half continued to receive bone meal 
at the average rate of 200 pounds per acre per year. 

To the other half ia applied rock phosphate at the avera^ rate of 600 
pounds per acre per year. 

These results show clearly that a good grain farmer can main- 
tain and increase the fertility of the soil. 

Combination of Grain and Stock Farming. — ^The fact that 
considerable roughage is produced on grain farms has encouraged 
the keeping of more or less livestock to convert this by-product 
into useful animal products, and at the same time manure is pro- 
duced for use as fertUizer. Thus, roughages of one kind or another 
will, no doubt, give the dairy cow and the beef animal especially, 
a place in our a^culture for a long time to come. 

AN ACCOUNT WITH THE PLANT-FOOD ELEMENTS IN PARMINQ 

Nitrogen and Phosphorus Balance Indicative of Good Farming. 
— ^There are several factors which determine the productive 
power of soils. When all other conditions are favorable, how- 
ever, the balance of nitrogen and phosphorus in the soil in any 
rational system of farming will indicate very clearly the tendency 
towards soil enrichment or soil depletion. For example, the draft 
per acre on the plant-food elements on a grain farm during a four- 
year period when the com is "snapped"' and no straw is returned, 
may be as follows: 
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Crop 


TTield 


NitrocBo 






Com 


fit.. 
60 
50 
25 
60 


Lb: 
54 

46 
43 
56 


Lb>. 

S 
7 
7 
9 


Z*. 






Wheat.. . 




Oata 










Total amouD 




198 


31 


89 



It isclearthat the above system tends toward rapid soil depletion. 

The Balance Sliown in a Grain Rotation. — On the other hand, 
if a rotation like that mentioned in the Ohio trial were practiced, 
the followii^ would represent the exchange of the elements on one 
acre durii^ the four-year period (when the composition table 
in Chapter VI is used in computing). 





Bxchang 


e of FtrHiUer ElemerOa 


in Gram Botatum 






Added 


Crop 


*^^ 


"S. 


S- 


Potu- 

Eg." 




Nitro- 


PbOF 


Corn 

aovet 


r7^. 

2.75 torn 


M 


5 


n 

34 


(7001b..) {^%P) 




40 


Soyb«M» 


"i 




Tot»l for 4-JO 


«■ period. 


«7 


!1 


« 


Toul Kdded 


121 


le 



til. straw about thiit^^ve pounda, or 101 

■moimtK to about one-tenth of the tot^ an 
pounds. In the soybesn. on one acre there i 
-' -'---'■ --To-thirdi, or »evenlr-'our poupd.. 



D the aseiA and straw. 1 



I pounds 



left eight pouodi of gain per acre |ail straw ratiimed). 

The balance in this case shows a gain per acre of about thirty- 
four pounds of nitrogen, twenty-eight pounds of phosphorus, and 
a loss of forty-two pounds of potaesjum for each rotation period. 

The above system tends to increase soil fertility, as it has been 
demonstrated. The loss of ten and one-half pounds of potassium 
per acre is small, and can be easily restored, when necessary, by 
a little potash fertilizer. No account was taken of the leaching of 
nitn^ien from the soil. 

Increase of Fertility on a Dairy Farm. — The following repre- 
sents the losses and gains of nitrc^en and phosphorus on one acre 
on a dairy farm. A three-year rotation is practiced, manure is 
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applied at the rate of ten tons per acre once in three years, 300 
pounds of acid phosphate per acre are apphed with the manure for 
com, and the second growth of clover is plowed under. 

Losses and Gaint in FfrtUizing Elements in a Dairy Farm Rolaiion 



,.„»^„,A„ 


Added per Acre 


Crop 


Yield! 


Nitro- 






Nitro- 


^ 


Corn (silage).... 


12 tons 
2.6 Wm 


82 


16.5 
S.5 


Manure (10 ton.).... 

Aeid Phosphate 

(7% P) 
Clover (1 ton) 


7 


20.0 


Clover (red).... 








137.5 


34.S 


Ml 











Theabovesystemof stock farming tends to increase Boil fertility. 

Loss and Gain oS Plant-Food Elements Illustrated. — In stock 
feeding, as in dairy fanning especially, condderable feeds are 
usually purchase which help to offset the losses. Commercial 
fertilizers are often used. Cash crops are often raised. Moreover, 
considerable nitrogen may be leached from the soil. It is only 
when a fanner understands clearly how the fertilizing elements 
may be lost and the sources of gain, that he is able to direct his 
farming towards the maintenance of fertility. As it has been 
mentioned, the best way to determine this is to ■ study the 
crop yields and to note the gain or loss of nitrogen and phos- 
phorus, particularly. 

The sources of loss and gain to the soil on the farm are illus- 
trated in Figure 224. 

The losses by leaching concern nitrogen, particularly. Experi- 
ments show wide differences in the amount of nitrogen lost in 
this manner. On grass lands and on cultivated fields of low 
fertility the annual loss per acre is slight; on cultivated fields of 
moderate fertility the loss is about twelve to twenty pounds per 
acre per year in regions having thirty inches of rainfall; and on 
cultivated fields heavily manured, or in a high state of fertility, 
the annual loss per acre may approximate forty pounds when the 
rainfall is heavy during July, or the middle of the growing period. 
The annual loss of nitrogen by leaching from uncropped or bare 
fields may exceed 150 pounds per acre. 

Losses in the feeding transaction include the elements retained 
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by the animals for milk production, growth, etc., and the unavoid- 
able losses sustained in handlmg the manure. When the manure 
is given the best care that can be given it under ordinary farm 
conditions, these losses may be estimated at forty per cent for 
nitrogen which is contained in the feeds fed, thirty per cent for 
the phosphorus, and about twenty per cent for the potassiiun. 
When the manure is left exposed to rains in an open yard even for 
three months, these losaea may run as high as fifty-six per cent for 
nitrogen, forty-six for phosphorus, and seventy-one ior potassium. 



lejrenwj^ow)^ 




In bedding no losses are to be considered except when manure 
is carelessly handled. 

It is possible for a good stock fanner to return to the soil 
about seventy per cent of the fertiiizii^ elements contained in the 
feeds fed and in the bedding. 

Fertilizers may be applied directly to the soil or mixed with 
manure, as in case of phosphates. 

When feeds are purchased the manure is enriched by an amount 
equal to the fertilizing elements contained in the feeds minus the 
losses in the feeding transaction. 

Summary of Losses and Gains. — The sources of loss and gain 
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of the soil supply of the important plant-food elements may be 
briefly summarized as follows: 
How losses occur: 

(o) In the Bale of crops 

(b) Id the feeding tranaaction. 

(c) Leaching from the soil — nitrogen particulflrly 

(d) SoU erosion 
Sources of gain: 

(a) Feeds purchased 
(6) Fertilizers purchased 

(c) Nitrogen Nation, especially by legume bacteria' 

(d) Bedding purchased, particularly straw ' 

Detemuning the Losses and Gains. — When the manure pro- 
duced is well cared for and all straw and other material like clover 
chaff and imeaten shredded com stalks are passed into the manure 
as bedding, the approximate losses and gains of the plant-food 
elements, particularly nitrogen and phosphorus, may be ascer- 
t^ed. In constructing the balance sheet, the following rules 
should be observed: 

1. The amount of nitrogen, phosphorus and potassium con- 
tained in any crop sold, except the nitrogen in legumes sold, is to 
be considered lost to the soil on the farm. (Consult the composition 
table, Chapter VI, and also the table on page 393, for the 
amount of the fertilizing elements contained in crops and feeds.) 

2. Losses sustained in the feeding transaction may approxi- 
mate forty per cent of the nitrogen, thirty per cent of the phos- 
phorus, and twenty per cent of the potassium contained in the 
feeds used. 

3. The nitrogen in clover and alfalfa hay sold is to be regarded 
neither loss nor gain to the soil. 

4. Losses in pasturing may be considered as follows: Nitrogen, 
thirty per cent; phosphorus, fifty per cent, and potassium, 
twenty per cent. (Good pasture may be considered the equivalent 
to the production of one and one-quarter tons of mixed grass 
hay per acre.) 

5. Loss in leaching may be considered at twelve to twenty 
pounds of nitrogen per acre per year on cultivated fields of moder- 
ately rich soil in humid regions, and about forty pounds per acre 
on heavily manured fields or on soils of very high fertility, and under 
heavy rainfall, especially during the middle of the growing period. 

' Afonall amount of nitrogen is washedfrom the atmosphere as ammonia. 
This amounts to about five pounds per acre per year. 
'Shavings poasees little or no fertilizing value. 
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6. The fertilizing elemente contained in purcltased feeds fed 
minus the loss m feeding is to be regarded as gain to the soil.' 

7. The nitrogen in clover, alfalfa and other legumes fed on the 
farm minus the loss in feeding is to be regarded as gain to the soil. 

8. The nitix^n in clover, or other legume plowed under, is 
to be re$;arded as gain. (Estimate yields in terms of hay.) 

9. The fertilizing elements contained in straw purchased for 
bedding are to be regarded as gain. 

10. The fertilizii^ elements contained in fertilizers purchased 
are gain. 

Tlie Nitrogen-E^osphorus Balance Sheet — The application 
of these rules can best be illustrated by the following problem : 

On a dairy farm of 120 acres the following croj>s are grown: 



CfOpB 


Ao« 


Avense Yield per Aece 




25 
25 
15 
10 
25 

10 


12 tons silage, 65 bu. com 






2 tons (1 cutting) 
iH tons (3 cuttings) 


AIM. '»'""""' 











All the milk produced in sold. 

All crops harvested, except the barley, ten tons of cIotbt hay and 250 
busheb of oats, are fed on the farm. 

Manure is hauled directly te the field or stored in a. manure shed when it 
cannot be hauled i^rectly to the fields. 

Two hundred fifty bushels of oats and all the barley are sold. 

Ten tons of clover hay (red clover) are sold. 

Seventeen acres of com are made into ailage. 

Eight acres of com are shredded. About one-half the shredded stalks 
is used for bedding. 

All straw is used for bedding. 

The second growth of clover is plowed under (equivalent to one t«n of 
hay per acre). 

Ten tons each of wheat bran and gluten feed (high grade) are purchased 
and fed annually. 

Three hundred pounds of acid phosphate (seven per cent phosphorus) 
are applied per acre to the com land. 

Determine the annual kiee or gain of nitrogen and phosphorus in this 
S3rstem of fanning. 

' When the skim milk is fed on the farm it should be ooosideted as pu> 
chased feeds, since the losses in the feeding toansaction include milk production. 
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CONCLUSIONS 
The balance sheet may be constructed aa follows; 

The NUrogen-Phcsphorua Balance Sheel 





Nitrogen B 


luoe Sheet 


Pboephorue 


Balsnce BhBOt 


^'?StS^*^ 


LoMof 

Nitro«Bii 


Gun of 
Nitrogen 




."At. 


Com silage (204 T.) (Rule 2) . 

Com (520 bu.) (Rule 2) 

Shredded corn stalks (7 tons 


565.0 
188.0 

52.5 
263.5 
158.5 

229.6 
265.0 

3od.b 


492.0 

615.0 
1285.0 

307.0 
487.0 


84.5 
26.0 

8,0 
34.0 
28.0 

20.5 

34.0 

63.6 
49.0 
53.0 




Oats (1,000 bu. fed) (Rule 2) . 
OatB (250 bu. sold) (Rule 1) . . 
Clover hay (20 tons fed) 




Clover hay (10 tons sold) 




Clover plowed under (15 T.) 




Alfalfa hay (46 tons fed) 








Barley (300 bu. sold) (Rule 1) 
Wheat bran (10 tons fed) 


180.0 


Ghiten feed (10 tons fed) 








Leaching (com land) (Rule S). 






2001.5 


3186.0 
1184.6 


400.5 













This system of farraia); tends towards soil enrichment and 
the increasing of soil fertility. The crops grown also indicate 
this tendency. 

The potassium balance sheet may be worked out in a similar 
manner as that for phosphorus. 

Conclusions. — Good farming may be either stock farming or 
grain farming. It is possible to increase and maintain soil fertility 
under either system. The crop yields and the nitrogen-phosphorus 
balance sheet in any rational system of farming may indicate 
whether the system tends towards soil depletion or soil enrichment. 

Fertility Suireys. — -Make surveys of a number of farms of the region 
including farms of different types. Obtain data to calculate the amounts of 
plant-food elements removed by the chief crops and also the amounts returned 
m green manure, barnyard manure, etc. Make comparative studies of these data 
and determine what types of farming are best for maintaining the soil fertility. 

Home Projects in maintaining the soil fertility with any of the permanent 
lines of farmii^ may be started. 
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QDESTIOKS 

1. What ia the imi>ortant probletn in afp'iculture? Why7 

2. Name and describe briefly the di&erent systems of farming. 

3. What is the importance of grain farming? 

4. What has been the result of grain farming in the paat? Illustrate. 

5. How is it poesible, even in groin farming, to mamfaun and increase soil 

productivity? Give an illustration. 

6. Why is livestock fanning popular? 

7. What are the probabilities of maintaining soil fertility by livestock farming? 

8. What comparisons have been made between livestock farming and gram 

farming? Describe these tests briefly and nve results. 

9. What are the advantages to be gained in combining stock raising with 

^teiu growing? 

10. Aside from crop yields, what may indicate good fanning as regards soil 

fertihty? How can this be determined on different fields? 

11. Explain and illustrate by aid of a diagram the sources of loss and gain of 

the fertilising elements in farming. 

12. Summarise the sources of loss and gain of the soil supply of plant-food 

elements in farming. 

13. How may the loffles and gains be determined in the following caaes: 

(0) Wten com or barley is sold. 

(6) When clover or alfalfa hay is sold. 

(c) When alfalfa hay is purchased and fed. 

(d) When soybean seed is sold. 

(e) When straw is purchased for bedding. 

(J) When com sila^ is produced and fed on the fann. 

(d) When commercial fertilizers are applied to the soil, 

(A) Leaching from the soil. 

ft) When a crop of green clover ia plowed under for aoil improvement. 

ij) When the straw produced ia used for bedding. 

<k) When stock ia pastured. 

(1) When concentrates are purchased and fed. 

(m) When clover hay is produced and fed on the farm. 

14. Give the important conclusions of thia chapter. 

PROBLEMS 

1. When the manure is well cared for, how many tons of wheat bran or 
cotton-seed meal must be fed to oSset the loaa of phoaphorus in feeding twenty 
tons of alfalfa and sixty-five tons of com silage? 

2. Assuming good care in handling the manure, construct a nitrogen- 
phoaphorue balance alieet for a farm on which all the crops, except cabbf^, 
are fed^ — as follows: No feeds are purchased; 250 tons of com simge are ^ 
(all com made into ailage); aixty tons of clover hay {medium red)- six tons of 
oat straw are fed, the remainder is used for bedmns; 1000 bushels of oats; 



13.5 per cent phosphor 
3. Suppose on a at< 
of com yielding twelve ^ , , „ . . . 

clover, yielding two tons of hay per acre, and 19.2 acres of oats averau— ^ 
fifty bushels per acre (all straw used for bedding). Ten tons of gluten feed 
(high grade) were purchased and fed. Assuming good care in handhng the 
manure, what per cent of the fertilizing ekmente contained in the crape and 
purchased feed may be regained in the manure? 
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CHAPTER XXII 
HOW THE NEEDS OF SOILS MAT BE DETERMINED 

Chemical Analysifi Has Limitations. — A;t iirst thought it would 
seem that since the requirements of the different crops are known, 
the fertilizer needs of any particular soil can be determined simply 
by a chemical analysis of that soil. This, however, is not the case, 
because several factors must be considered in addition to the 
quantity of the plant-food elements contained in the soil— such 
as, the plant characteristics, the kind of soil, availability of the 
elements, and all the other factors which determine fertility. 

What m^t be the fertilizer needs of a particular soil which 
analyzes 0.3 per cent nitrogen, 0.08 per cent phosphorus, 1.3 per 
cent potassium, and is not acid? • No one can tell with any degree 
of certainty without considering carefully all the factors named 
and to which reference is made (p. 80). It is evident, therefore, 
that the chemical analysis of a soil has certain limitations. It is 
not to be understood, however, that chemical soil analyses are of 
no value. Because of these hmitations, other methods than 
determining the total amounts of nitrogen, phosphorus, and potas- 
sium in soils have been devised to ascertain the fertihzer needs 
or the cropping possibilities of soils; such as, availability tests, 
pot teats made in the greenhouse, cylinder tests made indoors 
or out of doors, and fertihzer tests made on the farm under 
field conditions. 

Other Factors first — Before deciding upon a chemical analysis 
to solve a soil fertility problem, the following factors should 
be considered: 

(a) Drainage. — -Very often crop yields are low, or some crop 
fails entirely, because of the lack of proper underdrainage, even 
though the soil may be rich in all the elements. This factor should 
be considered on sloping fields, on hillsides and at the foot of 
slopes or hills as well as on lowlands (Fig. 46, Chapter IX). 

(6) Moisture Supply. — Frequently the lack of sufficient mois- 
ture, even in humid climates, b the cause of low yields. This 
lack of moisture may be the result of insufficient rainfall durii^ 
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the growing period, and especially because of gravel or coarse 
sand subsoils (Fig. 42). 

(c) Physical Condition of Gie SoU. — Since there is a close 
relationship between the physical condition of a soil and its 
fertiUty, attention should also be given thiu factor in dic^nosing 
infertility or the cause of low yields. A striking difference in 
growth of plants due to physical improvement of the soil is shown 
m Ilgure 225. Cultivation improved the poor growth as shown 
by Figure 226. 

(d) InoculaUon. — In determining the cause of failures or 
unsatisfactory crops in growing any legume, especially for the 
first time, it is important to determine whether or not the soil b 
properly inoculated. This can best be done by d^gii^ up several 
plants with a spade and examinir^ the roots for nodules. If none 
are found and the soil is not acid, the lade of proper organisms 
must necessarily be the limiting factor, provided, of course, other 
conditions are favorable. If the soil is acid, liming is the first aid, 
then inoculation (see index). 

(e) Harmful Agetiia in the SoU. — Not only should injury from 
diseases like rust, barley stripe and bli^t, and from insects like 
leaf aphids, boU-weevil and beetles be considered, but also the 
harmful agents which may infest the soil. These may be diseases, 
insect pests, certain poisonous substances, etc. (Chapter XIV). 

(/) Organic Matter. — Organic matter (see index) in soils affects 
practically all the factors which determine fertility. It is important, 
therefore, to note the amount of organic matter in any soil under 
examination, especially upland soils. The color of the soil usually 
indicates the amomit present. 

CirCMICAL ANALYSES AND TUEIB VALUE 

Total vs. Available E^ant-food Elements. — Chemical analy^ 
which shows the total quantity of the important plant-food ele- 
ments contained in a soil is not always an index to its productive- 
ness, because it is not so much the total supply as it is the amount 
that is available, or which can easily become available to meet 
the needs of the crop, that determines the productivity of the 
soil. When this fact became established, chemists tried to dis- 
cover some method to measure the availability of the elements, 
or ascertain to what extent the crop can secure its requirements 
from any particular soil. Attempts, therefore, have been made 
to imitate the action of the plant roots in securing the elements, 
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but little progress has been made. Some of these methods, 
however, have come nearer than the total analysis in ascertain- 
ing the cropping possibilities of a soil, or in determining its 
fertilizer needs. 

Uses for Chemical Analysis. — Soil fertility investigators and 
field men usually prefer to know the chemical composition of 
the soils on which they work. In this respect, chemical analyses 
are of great value, especially in continued experiments, in studyir^ 
the effect that certain methods of fertilization and cropping have 
upon the chemical properties of a soil, or upon the supply of the 
plant-food elements. 

In soil survey, chemical' analyses are especially valuable in 
comparing soil types and in tracing any correlation between the 
chemical and physical properties of certain types. 

Frequently, fanners desire chemical analyses of soils in order 
to determine their quahty as compared with other soils. 

Four things are commonly determined by chemical analyses, 
namely: (a) the need of lime; (6) the supply of nitrogen and 
organic matter; (c) the phosphorus supply, and (cQ the potassium 
content.* 

Testing Soil for Its Need of Lime. — Since an acid soil is detri- 
mental to economic crop production, testing a soil for acidity 
or for its need of lime is of primary importance. Some farmers 
have limed certain soila because they thought they were acid, 
when, later on, tests showed that no lime was needed. This 
represents a typical case of wasted energy and money because of 
guesswork. Many farmers have failed again and again trying to 
grow alfalfa on acid soils, all because they did not coosider the 
necessity of determining beforehand whether or not the soils were 
adequately supplied with lime. Again, many farmers do not know 
whether it would be best to lime their soils or not. Simple acidity 
tests can answer such questions definitely (p. 234). 

' Trustworthy samplee for full chemical analyses should be collected by 

trained men, A soil auger ie canunoniy used in getting the samples. At least 
ten different boring from different parts of the field examined should consti- 
tute the sample to be taken into the laboratory. Samples of the surface soil 
are usually taken to depths of six and two-thirds to eight inches. The Bubsoil 
should be examined to a depth of at least three to four feet for teituie, struc- 
ture, permeability to water, etc. For practical purposes it is not necesaary 
to mslie chemical analyses of subsoils. 

Wlien tlie soil sample reaches the chemical laboratory, it is air- 
dried, screened of its stones, coarse gravel, etc., thoroughly mixed and 
finely pulveriied. 
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Nitrogen and Organic Matter. — Nitrc^n is an index to the 
supply of organic matter. When the percentage of nitrogen is 
h^, the organic matter is abundant; when very low, the need of 
oi^nic matter becomes evident. Many highly productive silt 
loams, for example, contain 0.25 per cent and more of nitrt^en, 
while many others, particularly the light«r-colored types, contain 
about 0,15 per cent. Frequently the nitrogen content of certain 
long-cropped silt loams is as low as 0.09 per cent. Such a low 
percentage, together with field observations, generally indicates 
the urgent need of more nitrogen and organic matter. Thus, 
special manuring may be recommended, the plowing under of 
aome legume as a green manuring crop, and the growing of more 
and better clover. Whenever possible, it is instructive to compare 
the nitrogen content and organic matter of ariy long-cropped soil 
with a vii^pn sample of the same soil collected along the fence. 
Such comparisons usually support the reasons conunonly given 
why crop yields are much less now than in former years. 

niosphorus determinations are not only interesting but of 
much value, since this element is regarded by many as the key to 
the maintenance of soil fertility. Highly productive silt loams 
commonly analyze 0.09 to 0.12 per cent, or more, of phosphorus. 
Some long-cropped silt loams contain no more than 0.03 per cent. 
Practically all low determinations of phosphorus indicate the need 
of phosphate fertilizers. When examining into the phosphate 
needs of any particular soil, it is also important to take into con- 
sideration soil acidity, the fertility factors, the cropping history 
of the fields, and the character of the crops grown. 

Some silt ioams, for example, are comparatively well supplied 
with phosphorus, as high as 0.08 per cent, but because they are 
deficient in active oi^nic matter, or because of poor aSration, 
they respond to soluble phosphate fertilizers (Fig, 126). Again, 
most acid, black silt loams are in need of phosphates even thoi^h 
they may contain fairly good supplies of phosphorus (see index) 
(Fig. 137). 

It is unportant to know that certain soils are well supplied 
with phosphorus, because this fact will decide whether it is neces- 
sary to rely wholly upon commercial fertilizers for the source of 
phosphorus, or to adopt such measures as to render available the 
phosphorus already present in the soil. During the improvement 
of such soils by the addition of oi^nic matter and by limits, 
it is usually necessary to supply available phosphorus in the form 
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of acid phosphate or bone meal. Later on rock phosphate may 
be used. 

Phosphorus determinations of ordinary s&nds, mucks and peats 
are valuable in ascertaining the quality of these soils. 

If any one doubts that a soil can ever become depleted by 
exhaustive cropping, let iiim compare the phosphorus analyses of 
long-cropped and depleted lands with those of vii^in soils of the 
same kinds, or of similar soils that have had their phosphorus 
supphes maintained or increased through good fanning methods. 
No arguments are so convincing. 

Potassium Analyses. — On many soils, especially the heavier 
types, potassium determinations are important largely because 
of their inventory value. On other soils analyses show surprisingly 
low supplies of tbis'element, particularly in case of peats. Usually, 
when a soil is found to contain a low amount of potassium, potash 
fertihzers are required. Soils abundantly supplied should be so 
managed as to enable them to render available sufficient amounts 
to meet the needs of crops (see "Potash" in index). 

POT TESTS 

Pot Tests Not Fully Reliable. — It has been the hope of chemists 
to determine by pot tests what chemical analyses do not or can 
not show as regards the fertilizer needs of a soil or its cropping 
possibilities. This method consists in filling several jars or cylinders 
with the soil to be studied, treating the pots in different ways, 
and growing a crop to indicate the proper treatment (Fig. 192). 

Tikis metiiod seems most reasonable and sure. Moreover, it 
can be carried on under absolute control as regards moisture and 
temperature conditions. The results of some pot teats are of special 
value in determining the fertilizer needs of any particular soil 
and serve to reinforce field observations and chemical analyses 
(Figs. 135 and 136). In general, however, such results can not be 
fully relied upon as guides in the practical operations of the farm, 
because it ia impossible in such tests to reproduce the natural 
conditions found in the field.* 

riELD OR PLOT TESTS 

Field Tests Are Best — ^Fertilizer teats made on the farm, or 
on the land in continued plot experiments, are the most reliable. 
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In acieatific studies, it is necessary to extend the testa over many 
years before accurate results can be obtained regarding the 
proper soil treatments and the maintenance of fertility. Such 
scientific work ia much more difficult than ordinary chemical 
analysis or pot tests. 

How Ezperimeiit Stations Conduct Tests. — Nearly all of the 
Agricultural Experiment Stations are conducting field tests, some 
of which are very extensive. The size of the individual plots is 
! usually one-tenth of 

an acre, each carefully 
measured and perma- 
nently staked. Figure 
227, representing one 
of the many series of 
plot tests established 
by the Ohio Station, 
illustrates how this 
work is done. 

This particular 
group of plots repre- 
sents block D in 
Range IX on the east 
side of the Central 
Farm at Wooater, 
Ohio, Block D is one 
of five in an experi- 
ment b^un in 1893, 
Fw. 228.-A ™^ piw left nniim^i « , oh«k. *» detemune the effect 
of fertilizers and lime 
OQ com, oata, wheat, clover and tunothy in a five-year rotation. 
It is to be observed that each block consists of thirty plots, 
each sixteen feet wide and sixteen and one-half rods long. The 
soil treatments are indicated in the diagram. The west half 
of each block, or of each plot, is limed, while the east half is 
left unlimed. The results are secured by harvesting the crop 
on each plot separately. The yields are carefully determined and 
recorded (Fig. 229). 

How Farmers Can Conduct Field Tests. — The fanner is a 
busy man and therefore has not the time to devote to much 
experimental work. That is the business of the Agricultural 
Experiment Stations. But the Experiment Station can not do 
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everything. The best it can do on Boil problems is to establish 
certain fundamental principles that may be applied generally. 
The simpler problems and those which have to do with the soils 
on individual farms are left to the leading fajrners to work out 
either for themselves, or under the direction and supervision of 
the Experiment Station, the College of Agriculture, or of the 
County Agricultural Representative, Such teste can be made 
simple, and need not interfere in any way with the farmers' plans. 
A few illustrations follow: 

Tesiing the Value of AgricuUuTal Lime. — ^Elven though the 
Experiment Stations have proved the value of liming acid soils, 

Fence 



No phosphate 



Fio. 230,— How to dflmonatnte the vafue of lime and uiid phoflphmta. (Sba pu:e 2320 

it is important to continue to demonstrate the value of agricultural 
lime on individual farms and on different soils. Such tests are 
valuable, not only from an educational point of view, but, when 
rightly conducted, afford the farmer a basis for figuring the in- 
creases in net returns from this method of soil improvement. 

When an entire field is to be limed, an acre strip, or a one-half 
or a one-fourth acre area, may be left uniimed (Fig, 228). When 
only a small area is to be limed as a trial, the limed strip may 
extend through a field or project into it; or a portion of a field 
may be limed. Both limed and uniimed areas should be cropped 
the same, the same quality of seed used, and the lote should receive 
like treatment, except for the lime (Figs. 229 and 230) . 

Trying FenUi^.er8. — In trying fertilizers, it is comparatively 
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easy to fertilize a strip throi^h the ceDter of a field, or to leave 
an unfertilized area for comparisoii. When fertilizers are used in 
the drill for com, for example, a few rows could be left unfertil- 
ized {Figs. 133 and 137). 

Sometimes the problem is to determine the proper combina- 
tion of fertilizers or which are the best to use. It then becomes 
necessary to make a more elaborate test. Figure 225 represents a 



Muriate of potash, 200 lbs. per acre 



Muriate of potash, 200 lbs. per acre 
Acid phosphate, 400 lbs. per acre 



No treatment (check) 



Muriate cf potash, 200 /bs. per acre q 

Rock phosphate, 600 lbs. per acre ^ 



Manure, 25 tons per acre 



test made on a marsh area in Wisconsin. Four different treat- 
ments were compared. Elach strip represents one-quarter of an 
acre. Figure 226 shows the results ^cured on plots A and B. 
Hgures 232 and 233 combined, compare the results of B with no 
treatment C. Figure 233 shows the results on plots C and D; 
and Figure 132 shows the results on D and E. 

Similar tests may be made on sands and on other upland soils. 
When the soils are acid, one-half of each fertilized plot or a portion 
of each end, should be limed, so that results may be secured both 
with and without lime. 
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Points to Observe.— In making liming tests, best contrasts 
in results can be secured when a definite line is made between 
the "limed" and "no lime" areas. To accomplish this, the west 
portion of a field should be limed when the wind blows from the 
east, or the east portion when the wind blows from the west. When 
the limed plot extends through a field, the windward border of 
the plot, at the time the lime is applied, should be selected for the 
beat contrasts. The same point should be observed in applying 
certain fertilizers broadcast. 

Sometimes when two or more adjacent plots are to be fertilized 
differently, it becomes necessary to mix certain of the fertilizers 



Fia. 232.— PotBBb alont compared with potash and acid pboepbate. (Wbcooeiii StatJoo.) 

with mobt soil to prevent the wind from blowing the fertilizer 
over the other plots. In such tests it is usually best to apply 
the fertilizers by hand, and then mix them thoroi^hly with the 
soil by diskii^ or "dragging." 

Avoid the layii^ out of test plots adjoining and parallel to 
fences. Extend them into or through the field away from fences. 
Long strips are better than square plots. 

Observing the difference in growth on the various plots is not 
sufficient in determining the final and comparative results. It 
is always best to obtain the results by weighing the whole crop and 
determining the actual yields. When it is not convenient to 
harvest each plot separately, the crop on an average square rod 
on each plot may be properly harvested, and results calculated 
to acre basis. 
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FARU EXAHLNATIONB 

Farm Visits Are Essential.— Whenever a fanner wishes definite 
infonnation coDceming the needs of his soil, drainage, crop rota- 
tion, etc., it is most satisfactory, if such provision is made, for a 
representative to visit the farm. In this way a soil fertility ejq)ert 
is able to consider all conditions, note the character of the subsoil, 
observe the growing crops if circiunstances permit, obtain the 
cropping history of each field if necessary, and if he thinks it 
important, take samples of soil for chemical analyses. The 
farmer should receive a report with recommendations for soil 
improvement. When eevenii farmers in a community become 
interested in such farm examinations it is often advisable to 
"follow up" or reinforce such work with field demonstrations. 

Field demonBtntioaB may be conducted as home projects to determine 
the values of each of the methods of soil improvement wtuch are considered 
profitable. These may include projects in limi ng, inoculation, ip^em manuring, 
use of bamvftnl manure, use of commercial fertilized, drainage, irrigation, 
subeoili:^, axy farming methods, mulching, etc. In each tri^ check plots 
should be left for contrast. This will make the trials more concIuaivE. 

Consult chapters XII and XIII. 



1. Can the fertilizer needs of a soil or its cropping possibilities be determined 

by chemical analvBis? Explain. 

2. What other methods have been devised to answer these questions? 

3. Name and discuss the conditions which should be considered before 

deciding upon chemical analysis for the solution of a soil fertility problnn. 

4. State specifically how organic matter in soils affects the fertility factors. 

8. Why were methods of chemical analysis devised to determine the availa- 
bility of the elements? What success has been attained? 

6. In general, mention some benefits to be derived in determining the total 

amount of each of t^c important elements contained in soils. 

7. For practical purposes, what analyses are commonly made? Discuss the 

value of each determination. 

8. Discuss the results secured in pot tests in relation to practical operations 

of the farm. 

9. How are pot tests usually made? 

10. What is the best method whereby the fertilizer needs of soils may be 

detennined and principles governing fertility maintenance established? 

11. How do experiment stations conduct such testa? 

12. Explain how farmers can conduct simple time and fertilizer tests. 

13. Mention some points to be obsei^ed in making these tests. 

14. Discuss the advantages in having the soils examined on the farm by a 

soil fertility expert 
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CHAPTER XXIII 
PROnTABLE CROP MtODUCTION 

Large Crops Not NecessajHy &e Most Profitable. — It is 
commonly afisumed by farmers that large crop yields per acre are 
the most profitable, and that he who raises the most per acre 
makes the most money. This may or may not be true. High 
yields per acre are profitable when consistent with low cost per 
unit of produce. Low-priced land, rich, virgin soil, favorable 
seasons and cheap labor are important ''actors which lend to such 
possibilities; but ordinarily the general principle is that the higher 
the yield on a, given soil, the greater the cost per acre. The product 
per dollar of expense will usually increase up to a certain point 
as a reault of increased expenditures per acre, but a point is certain 
to be reached with continued increase of expenditures when the 
returns per dollar will be less and less. 

On high-priced land excessively fertilized a yield of 120 bushels 
of shelled com per acre may be just as unprofitable as a yield of 
twenty-six bushels on land never fertilized. In the first case, 
expensive and excesrave fertilizers may swallow all profits, while 
in the second case the yield may not be sufficient to pay for the 
labor and machinery costs. 

Profitable Crop ProductioD Is the Foondatloa of Successful 
Fanning. — It is very necessary, therefore, for every fanner, if 
he wishes to put his farming on a money-making basis, to produce 
a large enough yield to cover all production coats and have net 
profits besides. The net profits per acre, of course, should be as 
large as possible if thechange in method does not reduce the number 
of acres the fanner can raise. Increasii^ the yield on a given 
soil also means increasing the expenses per acre in producing the 
crop, though at the same time the profits may be increased. 
Doubling the yield may not necessarily mean doubling the profits; 
but, on the contrary, it may reduce the profits. It is not so much 
a question of maximum yields, therefore, as it is a question of 
maximum profits in crop production which, in a lai^ measure, 
determines successful farming. 

Profits Determine FertiUzer Pnuiice. — In fertilizer practice 
and in soil improvement, the question arises, "Does it increase 
24 369 



sdbyGoogle 



370 PROFITABLE CROP PRODUCTION 

the farm profits?" Few farmers, indeed, could be induced to use 
fertilizers and agricultural lime were oo profits forthcoming; It 
is quite evident that when crop increases are profitably obtained 
by improving the soil through fertilization and otherwise, the farm 
profits, or managerial income,^ should likewise be larger. Much, 
of course, depends upon the manner in which the crops are disposed 
of. This explains why soil fertility investigators ^ctend their 
investigations into farm management just so far as to enable 
them to arrive at their conclusions by determining the "^yalue of 
crop increases above cost of fertillzCTB." 

Commercial fertilizers are profitable when they are judiciously 
used. The fertilizer practices in the Eastern and Southern states, 
as well as in the countries of the Old Worid, are sufficient evid^ice 
of this fact. 

The Crop-productioE Problem, — ^A most vital problem which 
confronts the land owner in his farm management is to determine 
the point at which his crop yields are the most profitable. To do 
this he must consider such factors a£ the value of his land,' the 
cost of labor, machinery cost, cost of fertihzers and the price he 
expects to receive for his produce. In such determinations the 
cost of fertilizers is an important factor, because the fertilizers 
may be largely responsible for high yields and at the same time 
lower, or even consume the profits, if excessively or unwisely used. 

In a certain com contest a boy won the prize because he pro- 
duced the greatest number of bushels per acre. However, when 
the total cost was considered, the value of the crop at market 
price was not sufficient to cover the cost. The lai^est item was 
the cost of the fertilizer treatments — he fertiUzed excessively. 

The Value of a Plot L^ Untreated.— The actual profits 
derived through the use of commercial fertilizers on the farm are 
too frequently matters of guesswork. A check on increases due 
to fertilizers may be secured by comparing fertilized plots with a 
plot left unfertilised. It is just as unportant that leading farmers 
establish test plots on the farm to determine economic crop pro- 
duction as it is for experiment stations to do so— the only difference 



jtudmg unpaid t(. _ 

laDor means all work done by wife and children on the farm, i 
the household. 

* Land rental is Etn expense conndered in crop production. When the land 
is owned by the fanner it is usual to chai^ five per cent cm the value of the 
land in lieu of rent. 
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being the farmer'B system should be much more simple 
(Chapter XXI). 

Detennining Profits From Fertilizers. — ^The almost universal 
method of interpreting fertilizer tests is to subtract the cost of 
fertilizer from the increased value of the crop. If the value of 
the increase is greater than the cost of the fertiUzer, the fertilizer 
is considered profitable. Authorities on farm man£^ement and 
agricultural economics criticise this method because all the other 
costs, such as interest, hauUng and applying fertilizers, and har- 
vesting, storing and marketing the incr^sed crop, are disregarded.' 
All authorities would not count interest on " materials in process," 
such as fertilizers and feeds. 

Since profits determine fertilizer practice, it is quite necessary 
to ^ve business interpretation of results of fertilizer tests. Net 
value of the crop increase, therefore, should determine the conclu- 
sions regarding profits from fertilizers. A check plot is necessary 
to obtain the increased value of the crop. The value of the increase 
minus the increased cost for fertilizer and additional labor, etc., 
gives the net value of the increase. In all liberal fertilization it 
is usually best to obtain the net value of the increases for the rota^ 
tion rather than for one year only. 

When the increase in yield gives only a small margin above 
the mere fertilizer cost, the chances are the cost of application 
and other increased costs would cancel this margin. 

An Example. — On a soil deficient in available phosphorus, a 
farmer applied 300 pounds of acid phosphate per acre for oate in a 
three-year rotation of oats, clover and com. A plot was left 
unfertilized for a check. The increases per acre in three years 
were seveoteeo bushels of oats, one-half ton of clover hay and ten 
bushels of com, the total valued at S22.50 (including straw and 
stover). The cost of fertilizer, interest, application and all other 
costs to harvest and care for the increase was calculated to approxi- 
mate $9.00 for the three years. In this case $13.50 is the net 
value of the increase per acre. These results clearly show that 
acid phosphate was profitable. 

Detennining the Most Profitable Fertilizer. — Frequently on 
lands in need of fertilizers, it becomes necessary to determine by 
field testa which of two or more fertilizers, combinations of fertil- 
izers or different amounts applied is the most profitable. The net 

' Warren, Farm Management. 
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value of the increased yield for each fertilizer treatment must 
necessarily be obtained in a similar manner as described in the 
foregoing paragraphs. 

Basis of Con^niting Returns. — The following questions now 
arise: " Upon what basis should the profits be computed? Should 
the profits be expressed in terms of -per cent of the cost of the fertil- 
iser, or should they be expressed in terms of 7ie( profits per acref" 

In all farm accounting, the cost of fertihzer is considered an 
expense and is charged against the crop. To be consistent, this 
expense should not be considered as capital permanently invested. 

The two main benefits derived through proper fertilization are: 
(a) the productivity of the soil is increased, and (ft) the soil 
reserve of some of the important elements of plant-food is increased 
or maintained. These benefits result in an "appreciation" which 
is an increase in the value of the land. 

Moreover, expressing profits in terms of per cent on money 
paid out, or invested, is deceiving. Some business men have gone 
mto bankruptcy because they relied too much upon what per 
cent seemed to show. In business administration it is recc^nized 
that actual profits above total costs determine which of two invest- 
ments or business ventures, for example, is the more profitable. 

An Example.-" A" gaxDsd&Det profit of 400 per cent on money 
he invested. "B" gained a net profit of ten per cent. This does 
not necessarily mean that "A" made the more profitable invest- 
ment. "A" had one dollar of ready money and invested it in 
popcorn, and in so doing gained a net profit of four dollars. "B," 
on the other hand, did not have any ready money, but seeing an 
opportunity to m^e a safe investment, he borrowed ten thousand 
dollars at six per cent interest for one year. He made the invest- 
ment, "turned" the property within the year, and received 
eleven thousand six hundred dollars. He returned the ten thousand 
dollars which he borrowed, paid six hundred dollars interest, and 
had one thousand dollars l^t a£ profit. It would be needless to 
say that "B" made the more profitable investment. 

Acre Profits. — ^As regards crop production, fanners and land 
owners think in terms of acres, and they plan to secure the most 
profits per acre. Ordinarily when they fertilize, they hope to 
increase these profits even though the cost .of producing the crop 
is augmented. Any fertilizer treatment, therefore, which gives 
the greatest value of crop increases above the fertilizer and other 
increased cost per acre will usually be the most profitable. 
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An lUustraiion. — On a certain soil two different fertilizers were 
tried — the applications being made once in a three-year rotation. 
The following are the three-year results concerning profits: 



•f ^^ii' 



270 



It is to be noted that the fertilizer "A" gave a net return of 
$15.00 per acre, or 375 per cent profit on the cost of fertilizer; 
and "B" gave a net return of $21.60 per acre, which is 270 per 
cent profit on the cost of the fertilizer. The fertihzer which gave 
a net profit of 270 per cent returned $6.60 more per acre than 
the fertilizer which gave a net return of 375 per cent on cost 
of fertilizer. 

Suppose a man had fifty acres of ^milar land and had only 
$200 of ready money to expend for fertihzers. He would be a poor 
business man, indeed, if he could not see that if he borrowed $200 
one year to enable him to fertilize every acre with fertilizer "B," 
he could realize $330 more net profits, and in so doing realize at 
least 165 per cent profit on the money borrowed. 

When such conditiozis prevail as regards the use of fertilizers 
the land owner must first determine whether or not the change in 
method of crop production will reduce the number of acres he can 
raise, since the goal in profitable fanning is "greatest amount of 
profits per man." If the method of fertilization does not reduce 
the number of acres of crop he can raise under his system of fann- 
ing, then both fertilizers (A and B) would be profitable — and the 
one which gives the greater net profits (dollars) per acre is the 
more profitable. 

Pit)pet Kind and Amount of Fertilizers. — ^Two important 
factors come into play in determinii^ the profitable use of com- 
mercial fertilizers, namely, the proper kind of fertilizers and the 
right amounts that should be used. These two factors may be 
expressed in terms of two economic laws, as follows: The "lav 
of the minimum" and the "law of diminishing returns." 

The law of the nunimum as related to fertilizers and crop pro- 
duction may be stated as follows: // the soil ts deficient in one 
particular element of plant-food, the yield of a given crop will be 
limited by the amount of that particular element contained in the 
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fertilizer added. For example, if a soil contains an abundant and 
available supply of all the plant-food elements except phosphorus, 
and all other factors and conditions are favorable, the yield, in a 
large measure, will be proportional to the amount of av^lable 
phosphorus added in the fertilizer. No excess of the other elements 
will make up for the shortage of phosphorus (Chap, VII, Fig. 33). 

The law of diminishing returns as it is applied to fertilizers 
may be stated as follows : The first expendiivre of a proper or needed 
fertilizer is v,suaUy the most effective. Each addUioncd increase in 
application prodiices smaller and smaller returns, untU a further 
increase causes no increase in the yield. 

This is well illustrated by an experiment on wheat, begun in 
1852, at Kothamsted, England, the oldest experiment station In 
the world. Several adjoining plots received mineral fertilizers 
such as phosphates and potash, in greater amounts than were 
removed by the crops. In addition to the mineral fertilizers, a 
nitrogen fertilizer was applied in different amount*. One plot 
received no nitrogen fertilizer, another 200 pounds per acre, a 
third 400 pounds, a fourth 600 pounds, and a fifth 800 pounds per 
acre.' The fertilizers were applied every year and each year 
wheat was grown. At the end of the thirteenth year the following 
average results were secured: 

Diminishing Returns from Nitrogen 



TnatmenU per Aon 


'(w'lf'y™^ 


■«— 


""■mE 


Mineral fertiliiere but no nitrogen . . 
MinenI fertiUzera + 200 lbs. nitrogen 

fertilizer 

Mineral fertilizers + 400 lbs. nitrogen 


flu. 

18.3 

28.6 
37.1 
39.0 
39.5 


£u. 

10.3 

18.8 
20.7 
21.2 


flu. 

10.3 


fertilizer 

Mineral fertilizers + 800 Iha. nitrogen 


1.9 







The fourth column shows that the first 200-pound application 
of the nitrogen fertilizer returned 10.3 bushels. Increasing the 
application by 200 pounds caused an additional increase of 8.5 

* EmisI parte of ammonium sulfate and ammonium chloride. The Book 
of the Rnthamsted ETcperiments, 1917, p^ea 34 and 46. Tbe experiment 
is Btill b(^ng continued. 
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The third 200-poiind increase returned 1.9 bushels, and 
the fourth 200-pound increase of the nitrogen feitilizer returned 
only one-half a bushel. These results clearly show that increasing 
the application of a needed fertilizer does not necessarily mean a 
corresponding increase in the yield. Doubling or trebling the 
application does not necessarily mean doubhng or trebling 
the increase. 

The relation between cost of production and profits may be 
shown by the diagram in Figure 234, which indicates the profits in 




No fertilizer Proparly fsrfilizGci Excessively ^rtjlized 

Via, 334. — Diacmn ihowiiic the reUtion between eoat of productioa and profita. 



com production on poor land without fertilization, when properly 
fertilized, and when excessively fertilized. It is to be noted that 
when the market value of the crop is high, the profits per acre are 
much greater than when prices are low. Ordinarily, the greatest 
net profits per acre can be reahzed when the soil is properly fertil- 
ized, and when high crop prices prevail. 

Summary. — Successful fanning is determined in a large measure 
by maximum profits in crop production and not necessarily by 
maximum yields. High yields may not always mean lai^ profits. 
Doubling the yield may not mean doubling the profits. The use 
of fertilizers has a direct bearing upon the net profits to be secured 
in growing crops. The value of the crop increase per acre above 
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cost of fertilizer and other increased costs should be the basia for 
determining profits from fertilieers. When the use of fertilizer 
does not reduce the number of acres operated per man, the profits 
per acre above fertilizer and other increased cost per acre determiue 
profitable fertilizer practice. When two or more fertilizers are 
found profitable on the same soil, the most profitable is the one 
which gives the greatest amount of net profits per acre. The 
greatest net profits per acre are obtiuned when the fertilizer needs 
of the soil are properly met and high crop prices prevail. 

Home projects in fertiUziiig should be started by students and faimen. 
CoDunon local cropB should be t^wn with and without the fertihzera contain- 
ing the elements which those crops temove from soils. A uumber of stripe 
may be etowu on which the fertilisers differ in amount and kind. Keep 
records of the ooet and yield and determine the net profit per acre in each caae. 

QUESTIOnS 

1. Are large crop yields per a«re the most profitable? Explain. 

2. Discuss the relation of jnt^table crop production to successful fanning. 

3. What determines fertihzer piactioe? Discuss. 

4. Why is it not necessary for soil fertility investigatois to deteimine the 

Miect that soil improvement measures have upon managerial income? 

5. What is meant by managerial income? Ijuid rental? 

6. What is a most important problem which confronts the fanner as regards 

his farm profits? How may this be detennined? 

7. How should profits from fertilisers be determined? Discuss. 

8. When two or more fertilizers are compared what should determine iriiich 

is the most profitable? Discuss. 

9. What two factors come into play in determining the profitable use of 

commercial fertilizers? These factota may be e^rened in terms of 
what two economic laws? 

10. State the "law of the minimmn" as it is applied to feriJliiera. Uluatrate. 

11. State the "law of riimlniahing returns as it is applied to fertil- 

isers. Illustrate. 

12. Summarize the important points discussed in tiiis chapter. 
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CHAPTER XXIV 
FARMING IN REGIONS OF LIMITED RAINFALL 

Dry-Fanning. — ^Dry-land farming, or dry-farming, is com- 
monly understood to mean the profitable production of crops 
without irrigation on lands receiving less than thirty and at least 
fifteen inches of rainfall annually. In reality there is no such 
thing as dry-farming. No crops can be produced on dry land. So- 
called dry-farming has for its object the reclamation of vast areas 
of iininigable lands which were fom[ierly thought to be of no agri- 
cultural value. It is a striking fact that about sixty-three per cent 
of the whole aiea. of the United States receives less than thirty 
inches of rainfall annually. Eighteen Western states are included 
in this area. About twenty per cent of this area, or about 240,- 
000,000 acres, receive leas than fifteen inches. There are, therefore, 
more than a billion acres that may be called diy-farming lands 
in Western United States. 

Information Has Been Meager. — In tiie past only meeker 
and imreliable information could be secured concerning dry-land 
farming. Within recent years, however, experimental data have 
been secured which will greatly aid in solving nuuiy of the problems 
confronting the dry-land fanner. 

It is to be understood that the climate in the dry-farming 
region is not uniform, but variable. One season may have almost 
humid, and another almost arid conditions. The distribution of 
the rainfall, likewise, is variable. It is not an unusual occur- 
rence to have a single torrential downpour of rain which exceeds 
in the amount the normal runfall for the month in wfiich it 
occurs. At other times a monthly precipitation of 1.9 inches 
may come in nine light showers and prove of ao practical value 
because all the moisture evaporates before it can penetrate the 
soil mulch. 

The Water RroblenL — The main problem thus far in growing 
crops without irrigation in regions of limited rainfall concerns the 
conservation of the rainfall for crop use (Ciiapter VIII). It has 
been demonstrated that by proper methods there need be no com- 
plete crop failure on suitable soils wherever the annual rainfall ia 
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above fifteen inches. In some sections twelve inches or less of 
nunf all is Bufficient for dry-farming. The amount of rainfall during 
the growing season is a better criterion of crop production than the 
annual rainfall. 

Soils in Diy-Faimiog Regions. — Soils in dry and semi-arid 
climates are rich, because of the comparatively small amount 
of leaching during past ^es. A great variety of soils exist — 
ranging from heavy clay and alluvial loam to fine sand and 
coarse gravel, and ■ varying in depth from a few inches to many 
feet. A dry-farm soil should be intermediate in texture, uniform 
and deep, and should support a good growth of natural vegetation, 
preferably sf^brush. 

The success of dry-farming is determined in a large measure 
by the deep, congenial subsoils so generally characteristic of arid 
and semi-arid regions. This enables the roots of crops to pene- 
trate deeply, thus enabling them to secure deep aa well as 
broad pastur^e. 

Fanning Methods. — Many wrong ideas have prevailed con- 
cemii^ diy-farming methods. Recent experiments, however, 
seem to warrant the following statements:' 

(a) No definite "system" of dry-farming has been or is likely 
to be established that will apply generally to all or to any con- 
Hderable part of the dry-land area. 

(fc) No hard and fast rules can be adopted to govern the 
methods of tillage or of the time and depth of plowing. 

(c) Deep tilling does not necessarily increase the water-holding 
capacity of the soil or facilitate root development. 

(d) Alternate cropping and summer tillage can not be relied 
upon as a safe basis for a permanent agriculture or to overcome 
the effect of severe and long-continued droughts. 

(e) The farmer can not be taught by given rules how to operate 
a dry-land farm. 

Crops for Dry-Fanning. — In dry-land farming the selection 
of proper crops and their proper seeding, care and harvesting are 
as important as choosing a suitable soil and preparii^ it properly. 
In general, crops cultivated in humid regions are also grown on 
semi-arid lands. However, varieties especially adapted to dry- 
farming conditions must be used. In some sections it is most 
importimt to select those crops which will make most of their 

' United States Department of Agriculture Yearixtok, Iflll. 
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growth dunng the period of most rainfall, and those which will 
make the most efficient use of the soil moisture. Some dry-fanu 
crops are here mentioned in the order of their importance. 

Wheat is the leadii^ crop — including winter and hard spring 
varieties.* This crop shows a closer relation between the yield 
and the moisture content of the soil than any other crop. In the 
northern portion of the dry-land area com or other cultivated 
ground makes the best preparation; in the central portion, early 
fall plowing and cultivated ground is good; and in the south- 
em section winter wheat seeded late on small grain stubble is 
most profitable. In the southern portion, land preparation 
for winter wheat should begin immediately after the harvest of 
small grains.' 

Oats b a promiang dry-land crop. Summer tillage has produced 
■ higher yields than any of the other cultural methods, but the great- 
est profits per acre have been realized when oate were sown on 
disked com land. Where listing has been tried, it proved more 
profitable than fall plowing. 

Barley grows fairly well on dry-farms, especially those varieties 
belonging to the beardless and huU-less types. Largest yields 
are produced on summer tilled land, but slightly more profits 
per acre have been realized when the ground is prepared with a 
lister instead of a plow. 

Rye b one of the surest dry-land crops. The winter varieties 
are usually most satisfactory. 

Com is a most excellent crop to grow for fodder and to prepare 
the land for a crop of small grain. It has been found that no one 
method of seed-bed preparation seems essential to the production 
of this crop, especially in the Great Plains. 

Sorghums promise to become excellent crops for dry-farming. 

Alfalfa is a m<wt valuable crop to grow in the valleys especially, 
on account of the more favorable moisture conditions. Some- 
times alfalfa is planted in rows to permit ol intertillage, and to 
lessen the draft on the moisture supply. 

Peas have been found an excellent legume in some sections, 
and may be substituted for summer fallowing. 

' The hard winter wheat, especially — Kharkow and Turkey Red of the 
Crimean group. The varieties o! common spring wheat usuaUy grown are 
the Blue Stem and Red Fife. Durum or macaroni wheat ia also much grown. 
Department of Agriculture Bulletin 268, and Fannere' BuUetio S96. 
' U. S. Facmere' Bulletin 895, 1917. 
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DBT-FABAONG FRACTICBB 

Cultural Methods. — Od fourteen different Experiment Station 
farms within the Great Plains area, experiments have been con- 
ducted, some extending over eight years, in determining the com- 
parative value of fall plowii^, spring plowii^, disking com stubble, 
subsoiling, green manuring and summer tillage* in preparation 
of the soil for wheat, oats, barley, com, milo and kafir.^ Listing 
was also tried.' 

The following general conclusions were reached; (o) When 
the climatic conditions are as favorable as those often experienced 
in all parts of the Great Plains area on all the types of soil repre- 
sented, profitable crops can be produced by any one of the several 
different cultural methods such as are in common use; (b) when 
the climatic conditions are unfavorable, no profitable crop of any ■ 
kind tested can be produced by any of the cultural methods 
under investigation. 

Rows and Depdi of Mowing. — Disk plows are commonly 
used. Evidence so far obtained goes to show that nothing is 
gained by stirrii^ the soil to a depth greater than is done by ordi- 
nary plowing, eight inches or less in depth. Whether plowed or 
not, it is important to leave the ground in a condition which 
will retdn the masmum quantity of snow during winter. Fall 
plowii^ is usually best. 

Depth, Rate and Time trf Seeding.— Depth of seeding seems 
to be of less importance than the proper time of seeding, which, 
of course, varies in different sections. Results seem to show that 
thin seeding is more favorable than when ordinary amounts of 
seed are sown per acre in humid r^ons, though in some sections 
where the rainfall b more favorable, ordinary rate of seeding is 
better. The grain drill is better than the broadcast sower. On 
the lighter soils the press-wheel drills give excellent results 
(p. 166). 

Moisture Ckmservation. — Difference in depth of plowing seems 
to have no effect on moisture conservation. In some sections 
it has been found necessary to leave the soil uncropped but culti- 
vated during each altemateyear in order to save up enough mois- 
ture for a crop. Cultivation is an important operation in dry- 

* Summer tillage means the tillage (A an uncrt^ped fallow field during an 
entire season. 

* Milo and kafir are two varieties of kafir com, one <rf the danea of solium. 

* V. S. Department of Agriculture Bulletin %8. 
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land farmii^ to conserve moisture. Some investigators believe 
that cultivation to establish and maintain a soil mulch is not so 
important a factor in moisture conservation as cultivation to 
kill weeds. 

Use of Fertilizers. — Since the soils in dry-farming regions are 
generally rich, especially in the mineral elements, commercial 
fertilizers have not been used. 

Crop Rotation. — In general, little has been done in determining 
proper rotations for dry-farming. A rotation of oats, com and 
wheat has been tried with good success in some sections. For 
further information, see page 277. 

Stock in Diy-land Farming. — ^Early dry-land farming was 
devoted almost exclusively to the production of crops, especially 
wheat. No thought was given to the maintenance of fertility. 
Even now little attention is being given to maintaining the pro- 
ductiveness of the soils. Semi-arid soils are rich in the minenU 
elements, but are deficient in oi^anic matter. It seems advisable 
to introduce stock to utilize roughage, and especially to aid in 
establishing crop rotation and in maintaining fertility. Thus far 
dairying seems the most profitable type of stock farming. 

Good fanning is as essential to successful dry-land farming as 
it is elsewhere. Good farming means practicing the best methods 
of producing the lai^est crops with the greatest net profits, and 
leaving the soil in the best condition for the production of the 
crops which follow. 

Dry fanning projects may be conducted not only in regions of limited 
rainfall but alao in re^ooa when; there is danger of summer drou^t. Such 
projects may include the growing of dry re^on crops, the practice of deep 
plowing, subaoiling, sub-surface packing, maintenance of dust mulch, use of 
other mulches, etc. 

QUESTIONS 

1. What is meant by dry-farming? Is this kind of farming of much import- 

anoer Why? 

2. Discuss the unifonnity of climate and distributioa of rainfall in the 

dry-fanning regions. 

3. What is the important problem in dry-land farming? Wbat is the mini- 

mum amount of rainfall necessary? 

4. Discuss the character of arid and semi-arid soils. 

5. Discuss the importance of the character of the subsoil in dry-fanning. 

6. Have "iron-clad" farming methods been established for dry-l^d farming? 

Discuss this point. 

7. Name some crope.that are especially well adapted to dry-faiming. 
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S. In ^neral, what have beeo aome of the ntsulto of experiments in deter- 

minii^ the value of different cultural methods in (&T-fanmng? 
9. What is gained by deep plowing over shallow plowing? 

10. Discuss the deptji, rat« and time of seeding in diy-fanning. 

11. What is the most important farm practice in moisture conservation? Why? 

12. Is stock farming possible in dry-farming? Discuss its importance. 

13. 'Is good fanning essential to success in dry-land fanning? What is meant 

by good farmii^, generally? 

14. What dry-farming methods have you seen used, even in humid i^ions? 
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APPENDIX 

Composition of Feeds 
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vellowa and fertility, 257, 260 
Caldte, defined, 40 
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ID, defined, 3a 3 
mount retaov^ fi. 



icfion of, in iilantA, 55 
IT distribuleif in pUnti, B3 
' rue of WHter, M 

fujtora inHuenoine. Bfl, 07 

how uded, 102 

labciTAtory exorciBn on, h 



Curbon. defined. 3 



eleraents removed by. 62 
for green mjLnuring. IBl. 103 
msmtiiimnB f arioinc, 177, 191 
mush Unde. 304 






!76 

:. 233. 25S, 26S 



Cu-bohydmla, define 



u-bouy< ^, , - 

C&tcb orope, defined. 174 
Chalk, 



, 64 



193, 272 

iul analyBia of toUi. 30. 3fifl 
hu UmiutionB. 36S 

mpoeitiori. of auiinBla, 36 
pUnb. 36 



. equivalent of. 19S, 202 
equivalent of. 30S 
lue of, 205. 206 
impoeition of (eeda. 3S3 
soil, 11. 29. 30 
influencea plant imwtb, 34 
oaervation of soil moiMure, 100- lOS 



IS defined. 2 



- laboratnryi 

^~ ..„._ GTOttpinx d( 

Coral, as agrioultural li 

Corn, Dultivstion of. 103 

element! removed by, 62 






for Dinl acidity, £34 
Chloride of potaeh. forf -"— 
Cbloropbytl defined, 60 



itaah^ fwtiUier, 302 
red by, Oe 



of tvpe. 22 
Clay, defined, 11. 1' 

eleuina. 324 

drajnase m. 322 
eroaion problem 

home proiecfa o 
loam, defined. 1' 
mechanical comi 
lime, uM of in, " 
nitroeien probli 



ur^auio uukLuu problem in, 
particles, defined, 11. 12 
pbosphala in. 324 



BpeciaJ problemi 
tilth (good) ii 



1 i"T^. S 



CriniBoa clover. iUuatrated, DM 

Crop production, and fertiliser r 
determines fertiliser u 
relation between coi 

profits; 37G 
profitable. Be»-37fl 



' of, BI 



thCfarmi 

■ ' ed, 

329,*... . _._ 

n of prinnples. 332. 342 

benefits of. 264, 270 



t.331 






ctoiqnng problems solved b; 



S.264 
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Crop rotition. definite, d^»d, 283 


...„Z^^f^^X%',ro...^2 


faoton delernuning kind of, 328 




327 


fettUue™ do not take pla« of, Wl 




S»d. d^nad. 203 




or «U farma, S41 




or clay aoik 325 




orSSton, 336 




S;S°o^O^.O«™,328 




or dry-l«nd (arnui* 277 








org«ne»l farming. 331. 343 




or marah «Hla. 3M 




orNoHh AtlantiD States. 277 




or North Central State.. 275 


'or Padfio State., 2S0 


for Bandy eoila, 317 
or South AtUntic Stale., 278 




or Soutii Central States. 279 



itain'fertifity. 268-270 




r, 2«S. 274 
.eat result., 272 
Dung probleoi. eolved by, 276 



problems, in illustrated, 332-342 
remedr for diseased soil, 257 
short better than long. 274 
Mil fertility in relatiDii to. 263 



!?,?.f; 



wheat yield. 

aod .oil deternune fertili 

beoBuw of deeay, 172 
benefited by liimng. 232 233 
ohuMfS of, not always benefici 

factora in growing. 75 
failure of, and baoteria, IXt 
failure of, due to disea ao s 
fertility indicators, 80 
for heavy day soil., 32S 
for mardl land., 305 
for sandh 316 
grow, in risht combinatic 

order, 273 
crown, in dry-land farmi 
in North Atlantic St 
in North Central Stai 



257 



)EX 387 

Crop, crown in Pacific State., 280 

in South Atlantic States. 27S 
in South Central State., 27B 
growth of, and light, 77. 78 

increaud by rotation. 268-271 

injured by liming, 233 

large, may not be moat profitable, 369 

plowing under, for greea manure. 1^3 

plow under or feed, 196 

rsmove mineral eiementa. 33. S2, 63 



e elen 



■n 86, 87 



tolerating .oil acidity, 233 

yield, of, affected by temii 
in Eiufland. 2 
in Fnnae, 2 
in Germany, 2 
in United Sutes, 2 



level v.. hilling, 
ri^t lime' lor. Ifr 



Cylinder te 



of fertihiera on. 222, 34S. 363 



leed bed, 151 

ix." 



ilung, the .eed bed. It 
bdore plowing. 153 



va. plowing, 156 
Disint^ation of rocks, 
Dolomite, defined, 40 
Draf (harTow), 152 



factor considered in fr 
field studiee on. 133 
how Bccompiished. 1 
in clay soil farmiug, 
laboratory sxercisefl < 



tile. 117-126. ISee under Tile drainace) 
what determinu method of. 113 
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377 



Dried blood lertiliier. 196. 197 
Drill ■pplication of fertUiien, a 
DmuDty ooU, 09 
Dry-«linuti! soli. 377 

Div-luul tu-ming. dafined. 
eropa [or, 377, 37S 

oilturvl methoda in, 
dairyinc in. 3S1 
extent of dn-lum li 
famuDs methods ilk, 
lertiliKTS (or, 381 
gpod farming id, 3S1 



jjlantioc and seedioB i", 380 

plowing in. 380 

plows Tor, 380 

proiecta (atudent) in, 381 

rainfaU in, 377 

Beeding and planting in, 380 



water pioblen 
DuDB sand, 300 



2,377 



in irrigaled aeetiona, 131 

In resioiiB of little Tainfall, 377 

in ration to soil fertility. 343 

uunb Unda. 293-307 

N and P balance in. 347-353 

UDdy soils, 309-319 

stock, and fenititr. MS 

is popular, 345 

vs. grain, 343. 340 






of,, ; 



s. 347 



Feldspar, defined, 40 
Fertile soil, defined, 75 

factors determining. 7 
Fertility. (See Soil fertilit}^ 
Fsrtiliiation, defined, 190 



Elemeota, defined. 29 



crope, 61-63 



lorma in Thich ^nta secure, fll 
function of. in plants. 5S 
how eiiBt in soil, 30 
bow plants secure, 3fl. 54 
laboratory oiarciaes on. 68 
made avulable by timing, 330 
minerslH, ''defined. 33 



supply of, in soil, 33 

why some soils rftv deficient in. 40 
(See under Plant-food elements) 
Erosion. (See Soil erooon) 
Experiment Btatjon fertiliier teeU, 362 
Eiperimental fertiliser plots, 360-363 
Exportation on decline, I 

Fall plowing, 144 

retarded nitrification. 357 
Farm crops consumed in U. S.. 1 
Farm management. 327 

and crop rotation*, 337-338 



how tanners can conduct. 362 

in general, 360-373 

on marsh soils. 200. 201. 204. 298, 
300, 303 

points to observe. 366 

value of untreated plot, 370 
FertiUierti. 196-213 

absorption of. by soil. 213 
amount to apply. 211, 299. 312-313, 324 
broadcast va, hill application, 213 
chemical analysis to tell need of, 355 



suoceaaful, 327 
syatemstised by 



It wit^ plant-food elements 



Tofits froi 



,372 



determining profits from, 37 
diunoainji aoila for need of, 
diiS and i^ll Bp;Jicstion of, 2 



increased by 
manure, 209 
liming, 230. 231 
moisture in soil. 205 
oreanio matter, 173 
fertility anJ f ertiliier relations. ! 
for muah soils. 297-300 
for peat soils, 297. 303 
for sands, 311-313 
green manurins helps, 209 
nigh grade vs. low grade. 210 
hm and drill appUcatiou of, 211- 



le need of, 355-368 
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Fsrtiliien, in nnenl. 20fi 
in miuDtiuiiinc fsrtility, W6 
laboratory eiercuH on. 223. 224 

low grade vb. higb, 210 

most profitable. 371 

need of. deUrmined by ohemioal ai 



p needs. 204. 208 



OUeuil whI, dafined, IS 
oncin of, 18 
quality of, 21 
Glacieig, effects of, 19-21 

story ol the, 18 
Good fuming, 381 
Grade Istb, use of, 118 

line, illiutrated. 119 
Gradient, defined, 117 
Grain drills, 15e-lSS 

for aand farming, 31A 
farming, defined, 343 

for densely populated eoanbiea. 
343 



pot teata for. 204. 298, 360 ' 




has led to soil depletion, 344 






imjjortance of, 343 


profits deWrmine use of, 207, 3fl9 






from, how to eompute. 372 




revised, 344 


rules for use of, 210 




stock and. oompared, 346 


t«ting in ite field. 3«Msa 




SKKW 


Oral 




Gra 


acA" 


in pots. 204, 29S, 360 




how to do, 223 


Gra. 




not fuUy reliable, 204. 360 




on s^.lia' ^' 


units, defined. 207 


Gnu 


n nianurina, defined, 190 






an old practice, 191 






benefits of, 190, 101, 194 


valueloM without decay. 173 




beet Ume for, 193 


when fail, 205 




erops for. 192 


most proBtable. 371, 375 
tiliiing elements, defined. 33 








j^,™d™'inS^nt in, 1 



on dairy farms, 34S, 3S3 
BTved by crop rotation, 267 
ange of, in fanning, 360-3A3 
id from purshaseJ feeds, 360- 



208.303,31 
Fita sandy loam, aennea, I4 
Fire-fsn^ng of manure. 218 
Flai. elsaoDts removed by. 62 

crop rotation for, 276 
Floatios bogs, 16 
Flooding (irrigation). 129 
Food maoufactured in plants, 37. M 
produetion per acre, 343 

as grain vs. as meat, 343 
Frost, effect of, on roots, 6 

on marsh lands. 302-303 
Fruit, elements removed by. BB 
Fruition period, A6 



ig the crop n, 19S 

:lay soils, 324 
- cultivated orops. 194 
!or depleted sUt loanu, 320 



iportancB of, in South, 103 

rma best for, 100 
dng under the crop. 103 

to maintain organic matter, 101 

Varro on, 191. 193 

va lertiliHn, 101 

weeds for, 19« 
Qteensand, 243 
Gridiron syBtem of tiling, 122 
Ground bone fertiliser, 197. 198 

watAr table, defined, 113 
Growing period of plants, 49 



on. defined, 286 

all t^iiis, 2S0 

a manure. Z 



moisture in relation to, 49 

S2tah,"rdation toTSo '°" 
temperature in relation to, i 



Harrows, 151-154 
Harrowing. 15' 
Heat and_ cold, 

Hematite, 'defi 
Hemp, elemenl 

HerTingboae ts 
Hoe drill, 158 
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Home miiiiif of futiliwi. 210 

msterUti not to mi 
mixing rultt. 210 
Hombleade, deGii»d, 40 
Bumid climatA. defiaod, 4 
Humui, dsRned, 12 
Hydmlsd lime, 238, 244 
Uydrocen, definsd. 30. 3S 



. a wwthari 

tbs Ice Age, 
«auB rockfl, de& 



Li^t Mid crop crawth, 77, 78 
"Debt" Mil, defined, Ifi 
Umate. defined, 244 
Lime, acrieuHurkl, defined, 220 
MDount to BHily. 24S 



Iiineaiu roeki, defined, 39 

Illinois nun VI. itDcii furmlnc tert, 3M, 347 

Infertility, defined. 80 



For clay soila, 243. 2< 
r — :_^pj.u^^j^ tilth. 



methodi of, 182 

when nuceeds on acid loil. 184, 232 
iDtwtiUw, 13fi, 161, 163 
Iron, d^iiMd, 30, 31 

function of, in plsnta, 66 

rurt, defined, 36, 31 
Irriaktion, affseted by loil eroiion, 2S4 

■n ut of antiquity, 132 

defined, 128 

rarminc under, 131 

hew water is applied. 128 
■eoured, 128 

metbode of, 129, 130 

much land needs, 131 

objects of, 127 

profits in irrication lamiinc, 131 






laboratory eiercisee < 
lump or burnt. 243 
misuKi of, 240 

(ertiliiem, 211 






il Cor need of, 232, 368, 3«2. 



benefilB of. 229 

better than manurs. 231 

cl^ root' in relation to. 233 
erope benefited by. 232, 233 

injured by, 233 
deep plowing no substitute lor, 2< 
defined, 329 
fertility regulated by. 250 



Land clearing, on manh. 290 
on stem slopea, 28fi 

drainage. [See Drainage) 

rental, defined, 370 
Idntt-plaster. (See Oypeuni} 
I«nddide«, defined, 286 
Lateral (tile), defined, 121 
Law of iBminiihinc returns, 374 

the minimum, 373 
Leaoiun^ of manu 

"', mtroge" '- 

'r'^^S 

IT green manoring, 191-193 
IT North Atlantic gtstcs, 278 
>r North Central States, 27S 
ir Pacific Stato, 280 
. jr Soutlk Atlantic States. 278 
lor South Central Statu. 279 
how they iokprove aoib, ISO 
nitroawn gathered by, 178, 180 
BodulH on, 170-183 
to solve nitrogen problem, 197 



labor saved through, 231 
laad-plaater (or, 244 
marah soils. 24S, 301 
only one of fertility facton 

pest so^. 24G, 301 

poor soils, 24fi 

potsti) Bcsb in relation to. i 



lost profitable, 231 

acid soil pcasible oa, 3U 

is slow acting, 240 
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laboratory eierciKfl on, 2fiL 
pulveriied. 23S 
pulveriKn. 2t0, 241 
quAiry, 239 

Lineof tils defioed. 117 
Uquid nuaure, 21S 

cultiviitor, 164 
Luting, dc£nad, 1A9, 100 
I.itmiu p&KT, defined. 229 

Ust for ftodity, 234 



EX 391 

Manure (buuyanl), rode phnplute I»r, 320- 

■faeds tor. 217 

■olubility of elementA in. 210 

aUU V*. opan rud, 2ie, 222 

Btorinc, 217 

three-told value of, 218 

top-draudng mth. 220 

vJuBof, 213. 214 

m. mineral fertiliierBonmuih, 220,300 

winlcr sppljcstions of. 221 



origiii uid value of, 32 
Lodgiag of (nin. 04 
Lump Ume. defined, 243 

Masneeio, defined, 30, 31 
MSBneoiuin, tuoction of. in pisnti 

defined. 30, 31 
MsiD (tile), defined. 121 
IMauitaininc fertiUty, 206. 271 



availability of, 3 IB 
bacteria !□. 216 
"burning" nf, 218 



differ in fertilising value, 214 

facta about, 213 

fire-fannng of. 218 

for Kardeiual, 21S 

tor mar^ soils, 200, 300 

for muntaiuins fertility, 222 

tor eiutdig. 310 



dust fc 



I, 22 

liming:, 243 
definecT " 

^ficed, 243 



Mareb, defined. 1 





crop tor, '302. 306 




erop rotation, 304 




drSna^e of, 117. 2»4 




&j:rz."^.A>r204. 








tertili^ere for, 19B, 203, 297-300 




field (tudiea on. 307 




froaton,302, 303 




ESS T%^ ""■ ^ 






manure tor, 300 




moat deairable, 204 




typ« of, 2B3 


Moral 


of Carmine on, 300 
F«ofdu .oil.. 253 


droiaon of. 2»4 


Maiii 

Mend. 


ow, d^d, 25 ■ 


Mecbi 




Medii 





for sands, 316 
Metamorpbic rooks, defined, 39 
Mica, defined. 40 

Middle-brealier. 160 
Mineral elemente. defined. 30, 33 
removed by crops. 33 



lisht vs. heavy 'appl'icationa, 219 

UqddTvdtSbll. 21^' 
Iwa of anunonia from. 223 
m i n i n g boree and cow, 210 

I^os^te with. 220, 221 
not a iiertecC tertiliier, 221 
open yard va. atall. 316. 222 
lug, 214 
pits for. 217 

plowing under va. disking in. 218 
poulFry, 214, 218 
prod jctioo of. by atook. 21S 
reinforcing, 220-222 
raidaal ^eett of, 221 



aoila, delined, 41 
Mixed tertiliien, defined, 206 

advanta^ea in unng. 20B 






Mnsture, and germiDation, 49 

oonaervation and oontrol, 100 
IsboratDry eieroises on, lOS 
■apply on lands, 313 

Mold*, sod organiiDia, 171 
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Mu«k loil, H Kul type, 2S 

charwitariatic* of. ' 



iMitdi 






oripn of, 18, IT 

vhy bst'ur tbao PHt, 41 
Mulnhce, 104. (S« Soil muliih] 
Muriate of potuti, f ertiliier. 302 

Natunl lyiUiiK of tilini, 120, 121 
Nitnta fertUiHin, (See Mitrocen fertiliiua) 

of udL 107 
NitnUn, deeiied. 174. 17a 
Nitrifioation. eipUined. 173, 17G 

deatroyi organij matt«r, 175 

favond by cultivation, 337 

laboratoiy oisrcites dd, ISA 

ntarded br fall plowiDc, 3G7 
Nitrifying baoMria. 1T4. ITS 






>ine aoik 17S 



.. -. in, aeenedraoT" 3 1 
•mount remaved by crops, 62, 6. 

by fruit. 69 
an auount with, ia larmioc 347 
analyilnc anila for, 399 

contained ia feetta. 3R3 
fertiliien, IM 

E5^S 



n pUnta, 56 

rminir. 351-363 

n Bo3i, 33 

much fiiBci by bacteria, 178 

plant! ncure, 3S, 36 

in relation to feitility, 1S7 

loaaeaby mil leaohing, 351 

frommanure, 31S, 3H) 
probiMn in aand farrains. 310 

solved by lecumn, 107 
■upply o(. in aolla. 70, 71 
Nitrogen Intiliaen. 190' 

availability of. lOe 
lor aiuidi, 310 
leached from aoil. ige, 213 
neode increaned. 209 
GiKtioD, defined. 173 

□ Bied, 178, ISO 




a field, 381-31- 
yp lyalem, definsd. 264 
daogorin, 264 



obemical composition of, 30, 1T5 

doetrayed by nitnfication. 176 
fertility relationa. S56 
improvce tilth, 268, 333 
iucreHMfl water-bolding OHLpacity, 

incrcaeed by rotation, 2aa 
by ferdliBBtiop- »» 




byn, 



1, 178 



sheet, 347-363 



by BOit bacteria, 17S-1S0 
by use ol electncity. 178 
hov BccompUshed, 179 
it-phospbonu balance she. 
JDu^tnted, 392-353 



on a dairy farm, 348 
Nodule bacteria, 172, 17£, 180 
are plants, 178 
— J..: — favorin*, 184 



D relation to'fertAity, 171 
ij defined, 54 
h, defined, 115 



ParaDel vat«m in tilins, 123 
Pasture on sands, 317 
Pssturinc and acul erouon, 236 

loss dI etementa ia. 351 
Peaches, elements removed by, 89 



rotations for, 270, 278. 280 

Peat aoil, advuitasea in cr<vpin(, 1 

as soil type. 25 



di«en 



i kinds . 



discovery of, 178 

how they work, 179 

in relstion to crap failure, 181 

same for different leguraea, 183 
jdulea. defined, 179 
slfaUa, 178 
erinwan clover, 177 
garden pes. 133 
meids 01 lumne, 176 
medium red clover, 177 
•oybesn. 176 
iitrlent solution for plants, 58 



oropa for^ 303, 305 



firm seed bed ii 
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Peat idl, cniD on peat, 300. 305 
liome project* on, 308 
how wioocly wlvertiMd. 7i 
leut deairable. 2M 



most dnirsbla, SM 
nitroaen Ferttluer for, 3 

problem on. 301 
orijnii of- 16i IT 
phoaphatflH far, 209. SIX 
plowing, 205, 2(6 



rape for, 306 

rock phoephAt« on. 200, 201. 2S 

300 
mUer tor, 1S5, 302 
Kied-bed prep&rBtioD. 297. 302 
typM of IsrminB on, 306, 307 
Tilue of, IS, 204. 307 
whttn ftcid, 236 

non-acid. 236 
why deficient in K snd P. 40 
wood uhea [or. 301 
PereoUtion, defined, 94 

sided by rooU uid wonni, 95 

Pboephste lertiliHn, 197 
acid V(. rocic, 202 
■railability of, 197 
choice of. 201 
coat of, 207 

determinins equinlenti, 198 
expnefling et^mval«itB. 19B 
fertility relatlOQA. 222 
for vud soils, 202 
for clgy Boili, 324' 
for manb soils 201, 299 

tM B»nd^soi&r312"°' 



DOiia needioE. 199 
testing value of, 1S9. 364, . 
rock. (Sae Rock phogphsU) 

"Phoephoric acid." definedTsO, 34 

Phosphorus, deRned. 30, 32 

'fr'uit, e? ''"^'' ' 
aue of, 3" 

1 feeds, "s-- 

distribution of, in plsnls, 63 
fertilit; relmtions, S5. 187 
function of. in plitnt^, 55 
loM in crowins tobscca, 267 
purthamd in Teadi, 199 
BUppIr of. in soils. 70. 72 
Photphoras-nitrOEea balaiioe sheet, 347 
illustrated. 352, 353 
in grsia farQiina, 34S 



fleeted by soil, 34, 51 



relation to, soil and air, 34. 30 
Plants, conditions [or growth of, 47 



Plants, tsedina power of, 06 

great work of, 37 

growth of in darknos, SO 

subjects for study, 67 
Plant-food element^ d^ned, M 

aocouat with in farming, 347-363 
amnunt regained in manure, SAO 
available vs. tots]. 3fi6 
crops feed on, SI 
exchange of. in farmin*. 3S0-3E3 
sain and loas of, in [arming 349 
gain of. how determined. 351-363 
■ained from purchased feeds, 360- 



in of, illustrated. 349, 300 



materials supplyi'i^. 
total vs. available si 



gang, 149. 150 
nneral pumosa, 141 

its work, 13B-I40 



stuWa, 141 
subwiil, 146 
walkinc, 140. 141 
owing, 1^150 

chain for turning weads. IJ 
day soils, 326 
fall, 144. 146 
hillside. 147. 149 

> deep best, 146 



I substitute f< 



248 



sands, 315 
sod,, 140. 143 

BtubSle land, 138 
tiaotor, 149, 150 
Ts, disking, 159 

with subsoil plow. 145 
Plow sole, defined, 147 
Pot tesM for soil needs. 204, 223, 298, 3l 

not fully reliable, 204. 360 
Potash, defined, 30, 34 

true meaning of, 34 
Potash fertiliHTS, 202 



determining equivaleats, 202 
eipreeUDg equivatenls, 202 
for cits soils, 324 
for marsh luds. 203, 204. 3DT 
for pe«t soils, 203, 208, 397 
for sands, 312, 313 
soils aeedine, 360 
•ouccca of, 202 
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ou-bohyduts rebtions, 64 
ehloiide, fertiluer, 202 
d(£D«il. SO, 32 
dutribution of, in pUsU, 63 
fertility relslionB, "" """ 



Hipply is eoilB, TO. 7t 



Rock phoephats, mulu with mui 



Kock-forzaiBf miner 

Uhoiatory . 

Rdki and tilth, 54, 1 



Rdlers, 154, 156 
Roosevelt De,m, 12C 
Hoot, growth oiid dj 



fi>F cloy Aoilfl, 325 
for muah lands, 306 
torasndv sadB, 31S 
high yi«Id of, 82. S7 
Tceponee to fertiliHrB, laS 
rotationa for. 276 
coab, diaeage, 265 
lime uid, 233 
rotstion a remedy, 26S 
Pnw drills. lfi«, 314 
ProBtable crop production, 36»-375 
. arae ptoGla, 371 

limine. 231, 232 



Protein and nitrogen 
PulTsriied Umntone, 
Pulreriien, 152^155 
PyriCe. defined. 40 / 

QoartJ, defined. 40 



Rainfall, at right ti 



'lerUliHre. 207 



rotation! fw. 276 

Salt of the sea, 43 
Balta, and lermiuatioD, 49 
in Bail medium, 13 

Suid graina. defined. 12 
eoil. defined, 14 
blQ^™^r3i4 ''"'''''^■ 
orop rotationa for, 317 

dune, 31 



C 



e United autea. 101 



Ridge teriacai, defined, 28» 
River bottom eroeioa, 287 
Roclu, aSecCinc aoili, 39 
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